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ANNOTATION

This book examines different physical characteristics

of globular star clusters of our galaxy, obtained from observations

performed at different astronomical observatories throughout the

world. The first part of the book presents the investigations of

different observations and formulas for reducing the observations

to a uniform system. The second part of the book gives a catalog

of all the globular clusters of all galaxies which are known at the

present time, and presents their characteristics in a uniform

system with an indication of the sources. The book is designed for

specialists in astronomy, students and aspirants studying astronomy.
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PRE FACE

The basic idea of this book and the catalog of the general / 7*

characteristics of the globular clusters of our galaxy is very

simple. However, some people may,find the following ideas

to be debatable.

All of the theories and interpretations of complex phenomena

are used to understand nature and the processes taking place

within it. The planets, stars, star clusters, galaxies, inter-

stellar and intergalactic medium represent evolving forms of

matter whose structure is compex..When developing a theory for these

forms of matter or interpreting a certain complex phenomenon, we

inevitably must leave out of consideration many details and

processes. We cannot examine them, because they are simply not yet

discovered or because they are not assumed to be of great

significance. Thus, we do not include these characteristics

and details in our investigations. This is often related to the

assumptions formulated. Unfortunately, the assumptions are fre-

quently not formulated with the requisite accuracy or frankness.

In addition, taking information into account which was neglected

or omitted may radically change the current interpretation.

This does not negate the heuristic value of theory. On the

contrary, the development of any science clearly shows that a

good theory, in spite of all its simplifications, leads to out-

standing discoveries both in the investigation of nature and in

the study of the development of society. However, any good

* Numbers in margin indicate pagination in original foreign text.
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theory must be based on facts which are the most reliable for

that period of time. A real unity of theory and practice is

necessary. It became obvious long ago that globular clusters

of our galaxy are representatives of old, relatively autonomous

stellar systems. This made them excellent objects for studying

stars in late stages of development (in terms of absolute age).

When reading a survey published fifteen years ago by H. P. Sawyer-

Hogg (1959), one can readily see the striking diversity of the

material published at that time on the most general characteris-

tics of globular clusters. About ten years ago, a plan was

initiated to reduce the most general characteristics to a uniform

system in order to use them with a reliability which was adequate

for our era. In spite of that, during these 10 years, numerous

new observations were published and a great number of theories

were developed. However, the diversity of the material still

remains. Throughout this entire period, in Moscow work was

carried out to develop a homogeneous system of the basic character-

istics of globular clusters. It recently became apparent that /8

it _as time to put an end to the continuous processing of data

as new information was obtained. A decision was made not to use

papers received in Moscow after 31 December 1973. Only in one

case was this decision disregarded.

In this paper, an attempt was made to use direct observations.

However, in some cases, some of the most important characteristics

of globular clusters and the stars populating them could only be

obtained by using the equations and relationships following from

modern theories. Thus, the unity of theory and practice in this

paper was realized as far as possible, although particular empha-

sis was placed on utilizing observations.

The book consists of two parts.
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Part 1 contains a description of the basic characteristics

of the globular clusters and the methods of reducing the obser-

vations and measurements to a uniform system. Each of the

chapters in this part gives brief information on the importance

of the examined characteristics of the globular clusters.

Analytical itabular] values of the quantities used for the

reduction are given. In some cases, the original methods and

measurements are published. The catalog of the basic character-

istics of globular clusters of our galaxy is based on Part 1.

Part 2 contains summary tables of the most general

characteristics of the globular clusters. In almost every case

we were able to give estimates of the accuracy of the data

presented. The tables of Part 2 are preceded by a brief

description of them. This description unavoidably obtains cer-

tain information given in Part 1. This was done to avoid the

necessity of readers using only the catalog 7to turn to Part 1.

The Preface is given in both Russian and English. Part 1 of

the book is only given in Russian. Therefore, at the end of the

first section there is a brief explanatory text given in English.

That includes a very brief description of the main contents of

Part 1.

This book should be regarded as a preliminary attempt. In

the near future we hope to not only improve the catalog but also

expand it, by adding the globular clusters of the Magellanic

clouds, the diAromeda nebula and possibly other stellar systems.

The author would like to express his deep gratitude to many

individuals for their assistance in the work. M. P. Popova and

N. N. Kireyeva carried out a great amount of computational work

on computers, N. P. Kukarkina and N. N. Kireyeva regularly
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assisted on different stages of the last period of the work

N. N. Kireyeva took part in the solution of several problems.

There was also considerable assistance by V. P. Goranskiy, P. N. i

Kholopov, A. V. Mironov, N. N. Samus' and Yu. V. Voroshilov who

took part in the discussion of several stages of the paper. A

number of scientific workers of the Stellar Astronomy and

Astrometry Chair of Moscow University and of the Variable

Stars Sector of the Astronomical Council of the USSR Academy of

Sciences took part in the discussion of some reports which were

delivered during the preparation of the book.

G. V. Zaytseva and V. M. Lyutyy carried out a number of

photoelectric measurements of globular clusters. A. S. Sharov

assisted in the calculations of the interstellar absorption of

light. Yu. N. Yefremov and N. N. Samus' assisted in the trans-

lation into English. I am deeply indebted to the following persons

for sending their books, reports and preprints and communicating

new information on globular clusters: H. A. Abt, G. Alcaino,

H. C. Arp, L. Detre, R. J. Dickens, 0. Eggen, S. M. Faber,

W. S. Fitch, C. R. Fourkade, J. Graham, H. H. Guetter, G. H. Herbig,

J. E. Hesser, I. R. King, T. D. Kinman, G. E. Kron, K. K. Kwee,

J. R. Laborde, T. Lloyd Evans, G. W. Lockwood, W. Lohmann, D. J.

MacConnell, G. Mannino, N. U. Mayall, L. Meinunger, W. W. Morgan,

P. Th. Oosterhoff, W. Osborn, A. G. D. Phillip, L. Plaut,

L. Rosino, R. M. Russev, H. B. Sawyer Hogg, B. Szeidl, C. S. Smith,

K. Aa. Strand, G. A. Tammann, A. Terzan, S. L. Th. J. Van Agt,

G. B. Van Albada, S. van den Bergh, A. A. Wachmann, A. Wehlau,

R. E. White, H. Wilkens, R. F. Wing, F. Zagar.

I would like to thank T. A. Krasyuk and T. D. Nishcheva for

their considerable assistance during the preparation of the manu-

script for print.
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INTRODUCTION

The interest in globular clusters has greatly increased in /1

the last 15-20 years. Globular clusters are comparatively

uniform aggregates of stars with a mean mass on the order of

105 - 106 of the mass of the Sun (there are assumptions regarding

larger masses). Globular clusters have a variety of specific

characteristics (different integral absolute stellar magnitude,

difference in abundance of heavy elements in the atmospheres

of stars in a given cluster, as compared with other clusters,

different diameters and finer differences). However, all globular

clusters are similar, in terms -of-structure of theirl spheroids

with central symmetry. The HertzsprungRussell diagrams (hereafter-

designated as H-R diagrams) have a common structure, which differs

only by the development of a horizontal branch and the inclination

of the branch of the giants. This provides a basis for assuming

that all of the globular clusters were formed as a result of the

same process, which took place at different stages in the develop-

ment of our galaxy. This may explain their characteristics.
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The .present characteristics of globular clusters are the

result of the prolonged influence of evolutionary changes upon

the initial conditions which in themselves provided for the

dispersion of the basic characteristics (mass, luminosity

\luminosity function, etc.).

Globular clusters are the characteristic representatives

of the population of such dissimilar stellar systems as the

elliptic galaxy M87=NGC 4486- radio source Vir A, the Andromeda

nebula (M31 = NGC 224) and both Magellanic clouds.] This makes

globular clusters suitable objects for extensive space research.

Thus, for example,CP. J. E. Peebles, R. H. Dicke, 196a8_assume-l

that globular clusters could have been formed earlier than the

galaxies and are relict objects. Many studies have recently been

published devoted to determining the evolution of stars in

globular clusters (see, for example, M. Schwarzschild, 1970;

I. Iben, 1971), the problem of the helium content (see, for

example, A. Sandage, 1969; A. Mironow, 1973), and other problems

of contemporary astronomy.

Our. problem does not include an historic analysis of the

development of opinions on the nature of globular clusters and

on the problems of cosmology and cosmogony. There are extensive

monographs and summaries devoted to these problems. Without

pretending to be complete, we should note the old but classical

monograph of(H.'Shapley, 1930). We should a " not4 the attempt /16

of (P. P. Pare-ago, et. al., 1949) to reduce he observations

to a single scale and to formulate a correct concept of the system

of globular clusters in our galaxy. We should also note the

extensive monograph containing a great deal of information by

-H-1 B. Sawyer-Hogg, 1959', and the more contemporary but, unfor-

tunately, already outdated summary of H. Arp, 1965.
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In the last 15 years there have been many studies of

individual globular clusters of our galaxy, the Magellanic clouds

and the Andromeda nebula. Many of these studies will be mentioned

and used in the present book.

During the study of the extensive information on globular

stellar clusters, carried out in Moscow for more than 10 years,

the great diversity of the measurements of the basic character-

istics of the globular clusters performed by different authors

was discovered. This led us to a general revision of all the

accumulated information and to a reduction of all the measurements

to a single system.

The present work represents the results of almost 15 years of

work. The differing characteristics of the globular star

clusters were obtained. They are given in Tables A, B, C, D, E,

F located at the end of the book. In the majority of cases,

it was possible to not only obtain the characteristics of the

globular clusters in a single system, but also to evaluate

objectively the errors in a large portion of the values in the

tables.

The following text gives all of the necessary information

explaining how all the values were obtained in the basic tables

of the catalog of the globular clusters of our galaxy.

One of the basic purposes of the study was to obtain

universal characteristics of globular clusters directly from

observations, so that theoretical considerations, which fre-

quently have a temporal nature, would not influence the results.

It was not possible in every case to avoid the influence of

contemporary theoretical concepts. Thus, for example, the ratio

of the total absorption A to the selective absorption E (B-V) was

assumed to equal 3. However, there are opinions regarding the



dependence of this value both on the energy distribution in each

emitting source, and on the difference of this value in different

parts of the galaxy. When the scale of the distances was

selected, a significant dispersion was assumed in the absolute

values of stars of the RR Lyrae type, based on the contemporary

calculations of models of these stars. When determining the

value characterizing the content of metals in the atmospheres

of stars of different globular clusters, characteristics were
used which are related to the chemical composition only based on

concepts of contemporary theories.j This is obviously unavoidable

in any contemporary study. /17

The greatest difficulties are encountered in an examination

of the diameters of globular clusters. In this case, preference

was given to using direct observations, although theoretical

investigations of this problem are very reliable. Unfortunately,

preliminary results of the investigations, which were performed

by II. R. King, 1974., were obtained only in January, 1974, and

could not have a great influence on our results. However, it

was possible to make a comparison with hi s investigatiopn.
H. Wilkens was of great assistance in the problem of the diameters.
It was even decided to include his investigations as an independent
supplement to this book. However, technical difficulties prevented
us from doing this. The investigations of H. Wilkens will be

published separately, as a supplement to the collection "Variable
Stars".



1. ,POSITION OF-GLOBULAR CLUSTERS IN THE CELESTIAL SPHERE, /18

Exact measurements of the average locations of globular

clusters are devoid of a great deal of meaning, due to the

extent of these objects and the difficulty in determining the

density center. The main purpose of the coordinates of globular

clusters is rapid identification on the celestial sphere and a

study of their three-dimensional distribution and kinematics.

Accuracy up to a tenth of a minute of time in the right ascension

and up to one minute of arc in the declination is satisfactory

for these purposes.

The coordinates of all the globular clusters, which were

known by the time the manuscript was ready to be published

(31 December 1973), were carefully verified by means of different

lists and maps. In the case of contradictions or discrepancies,
independent approximate determinations of coordinates were made.

All of the determinations were reduced to the equinox of 1950.0.

In some cases adding clusters found to globular clusters was

considered unjustified, and these clusters were not included in

the catalog (for example, clusters 3 and 8 of the list of

A. Terzan, 1971).

In Table 'A (BPage 1141) the first column gives the name of the

globular cluster used in this book, and the second column gives

its name as encountered in the literature, if ,

there is one. For the majority of the clusters, the first column

gives their number based on the NGC catalog, and other names are

only given for clusters which are not found in this catalog.

The clusters are arranged in order of the NGC numbers, so that

there can be small inversions in the right ascensions. The

third and fourth. columns gives the equatorial coordinates for

the 1950.0 equinox. For convenience in converting the coordinates

to other equinoxes, the fifth and sixth columns give the values of

5



the yearly precession, also for the 1950.0 equinox.

The last two columns of Table A give the galactic coordinates

of the globular clusters. They are calculated in a new system

used at the present time [coordinates of the northern galactic

pole: R.A. = 1 2 h 9m; Decl.=+ 27?4 (1950)].

The coordinates of the globular clusters are not repeated

Iin any of the subsequent tables.

Auxiliary quantities

Table B gives the values of the cosines and sines of the

galactic latitudes and longitudes for all the globular clusters

of Table A. These quantities may be useful when solving problems

related to the investigation of the three-dimensional distri-

bution of globular clusters or in a study of their kinematics. /19

The rectangular galactic coordinates respect to the Sun may be

calculated according to the following formulas:

x = t.cos bcoal (1)
y = r.cosb.sinl (2)
z = r onb (3)

To calculate the distances of the globular clusters from the

center of the galaxy, the following formula may be used

R= V +r2 2.r-R o. (4)

To facilitate .all of these calculations, Table B also gives

the values of the products of the sines and cosines of the latitudes

and longitudes in formulas (1) - (4).

6
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In these formulas R designates the distance of the globular

clusters from the Sun; R0 - distance of the Sun from the center

of the galaxy; R-- distance of the globular clusters from the

center of the galaxy.

The last column of Table B gives the values of csc b (in termsl

of the modulus). These values may be useful when solving problems

related to a study of the influence of the interstellar absorption of

light in photometric and colorimetric measurements of the

globular star clusters i /20

2. INTEGRAL STELLAR MAGNITUDES

Measurements of the integral stellar magnitudes of globular

clusters are necessary to determine their absolute values, the

lum nosityl function, and certain other important characteristics.

Attempts to determine the integral magnitudes of the globular

clusters were even carried out at the beginning of the century

(J. Holetschek, 1904). These determinations were repeated by

other astronomers and an attempt was also made to reduce them to

a single system (M. E. Nabokov, 1925,11931). However, random and

systematic errors in all these determinations were so great that

no attention is now given to them.

Determinations of the integral photographic values of all 93
globular clusters known at the present time were made in the second

half of the 20th century (H. Shapley, H. B. Sawyer, 1927,

H. Shapley, 1930). These determinations were not very accurate,
and the scale of the stellar magnitudes was diverse and nonuniform .

However, up to the present integral magnitudes of certain clusters

have been determined only in these studies and, in spite of theirl

low accuracy, their use is still unavoidable (see below).
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Shortly afterwards, the first attempt at photoelectric photo-

metry of globular clusters was made (J. Stebbins, A. E. Whitford,

1936). This study measured only the integral magnitude of the

clusters, defined by three diaphragms of differing diameters.

In the majority of cases, even the largest diaphragm was smaller

than the diameter of the clusters. Nevertheless, these measurements

could be reduced to a single system of stellar magnitudes (see

below).

An excellent study using photographic photometry of globular

clusters was made by means of a so-called "dot-dash Plate-holder_.l

(W. H. Christie, 1940).

Only a little more than 10 years ago studies appeared which

made it possible to provide a basis for a system of integral

stellar magnitudes of globular clusters (H. L. Johnson, 1959;

G. E. Kron, N. U. Mayall, 1960). The last of these two studies

carried out tricolor photoelectric photometry of 67 globular

clusters with a large group of diaphragms whose dimensions were so

large that they encompassed practically all of the stars of,

even very extended objects. The integral magnitude of the cluster

was the asymptote to which t-he stellar magnitude strived of a

given globular cluster, which was measured with [larger .

diaphragms. The stars in the backround caninnaturally dsort

the results obtained. Thus, the influence of the background

unavoidably increases when a change is made from the galactic pole

to the galactic equator. The increasing interstellar absorption

6f light acts, in -the ovpposi-te dire'ctionrf. /2-1

In- recent years, -numerous photoelectric multi-color, and

wide-, intermediate-, and narrow-band measurements of globular

clusters have been made. Some of them (just as previously, the

photographic determinations) were suitable for determining the

integral stellar magnitudes.



Before describing the method of reducing all of the determina-
tions of the integral magnitudes of the globular clusters to a
single system, we must make some methodical comments. More than

140 years ago it was found (P. P. Parenago, 1930) that the absorption
of light in the Earth's atmosphere has a differing influence upon
the magnitude of stars and the extent of the objects. Extended
objeclts absorb more strongly than stellar objects li Unfor
tunately, this effect, which has a simple and unique explanation
(with an increase in the atmospheric layer, the light of the weak
regions of the extended objects withdraws to the region of noise)
has never been studied in photoelectric measurements. However,
when comparing photoelectric measurements of globular clusters
carried out by different authors, I repeatedly noticed that the
greatest differences were encountered in clusters with the lowest
altitudes above the horizon. Actually, in this case even a small
difference in the latitudes of the observation locations can cause
considerable changes in the atmospheric layer. This leffect] is
particularly apparent when comparing the integral magnitudes of
very southerly globular clusters measured in the Northern Hemisphere,
with the integral magnitudes,~ measured in the Southern Hemisphere,
where the same clusters reach regions close to the len ith on the
celestial sphere. Unfortunately, published materials make it
impossible to obtain a reliable numerical determination of this
effect. Special studies are required. The impossibility of
allowing for this effect compelled us to regard it as a certain
additional "noise" (in the hope that it would be close to zero• i------- --- T

when takingi the average of several lmeasurements).

The following four series of observations were used to
obtain a preliminary system of integral tellar magnitudes of
globular clusters:

A. Measurements of integral magnitudes of G. E. Kron,
N. U. Mayall, 1960 were made without additional reductions.

9



B. Measurements of H. L. Johnson, 1959, carried out with

a limited number of diaphragms, were reduced to the complete

integral magnitudes by measurements of the preceding Series A,

corresponding to the same diameters of the diaphragms as the

measurements of Johnson. No additional corrections were made. /22

C. Measurements of J. Rousseau, 1964,were expressed

graphically, and the "asymptote" was determined for them, just

as was done in A.

D. Measurements of J. R. King, 1966,were subjected to the

same procedure.

A preliminary mean square error was determined by comparing

all four series of observations with each other. It was found

to be approximately identical for each series of observations

and was close to ±OP101. Thus, the simple average of all the

investigated series of observations was selected.

The preliminary values thus obtained were used to reduce

all other series of observations to system V. Photographic -

observations were reduced to system B, which was obtained by

adding the values of B-V to the preliminary values of V.

Reduction of the measurements of integral stellar magnitudes

was performed by two methods a and b (except for special cases):

Method a. If, for the clusters measured in the report being

studied, there were already measurements of stellar magnitudes

with different diaphragms in the studies A,B,C,D, just mentioned,

then the difference between the complete integral magnitude and

the magnitude corresponding to the dimension of the diaphragm used

was subtracted from the measured magnitude. When there were no meas-

urements in A,B,C,D, clusters were selected with similar diameters

10



and approximately identical differences between the magnitudes in
the diaphragms used.

Method b.

For all the globular clusters common to the study investigated

and for our preliminary list, based on the studies A,B,C,D, the

method of least squares was used to solve a system of equations

of the following form

V= a + bml + c1gd (5)

Here V-is the integral magnitude of the preliminary list, ml

measured magnitude with a given diaphragm in the work investigated,
land lg d - logarithm- of , thel)idiameter of the given globular clusterl

(according to our data reduced to a single system, see pp ge 1291).

In determining the final reduced values, the average weighted

value was selected (determinations made by the first method'

had a weight of 2; those made by the second method - a weight

of 1).

Previous determinations of the photographic stellar magnitudes

usually required more complex methods of reduction to the B

scale (see below).

Below we give a description of reducing all the]series of
observations used by us to our preliminary photometric system in

the V and B bands. The observations used by us are arranged in

chronological order. /23
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1. Determinations of photographic integral magnitudes of

Sawyer, H. B. and Shapley, H., 1927 (mSS)

The problem of reducing the photographic stellar magnitudes

of Sawyer and Shapley (mSS) is very complex. The scale of the

magnitudes (mSS) is not linearly related to the photometric system

B. Figure 1 gives a graphic illustration of the dependence of

(mSS) and B. It is apparent that we have several "families" of

determinations. Seven clusters are brighter than 4m5; ten

clusters with magnitudes from 4$5 to 6 0; clusters from6m0 to

8T0 and clusters from 8T0 to 13T0 can be represented by

different linear equations. This is probably due to the fact

that the determinations were made using photographs obtained on

different equipment and different emulsions. It was found that

in each of these sections the magnitude determined depends not

only on the true magnitude of the cluster, but also on its

diameter, absolute magnitude and color. Since dividing the

entire complex of questions measured into four groups is very /24

arbitrary, it was decided to calculate a single reduction equa

tion, omitting two of the brightest clusters.

S12.0-

- "11.0 "-

10.0 .

9.0".*

8.0 .

7.0 , .-

6.0

5.0

3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0mSS

Figure 1. Dependence between integral magnitudes of the globular
clusters of Sawyer and Shapley and the magnitudes in i stem B.
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As a result, the following equation was obtained

B =8.04 +:0.495 mSS + 0.61 (B-V) - 1.58 Igd + 0.25 MB
± 0.033 + 0.14 + 0.28 - 0.03 (6)

Here MB designates the absolute magnitude of the globular
clusters in System B.

The mean square error of one determination equals ±0O37,

2. Determinatiornsof the photographic integral magnitudes

(B. Vorontsov-Volyaminov, 1929) (VV)

The following reduction equation was obtained:

B -- 6,68+:0.46 VV +:0.73 (B-V) - 2.76 lgd (7)
± 0.11 0.48 - 0.60

The mean square error was '_0.33.
.Q IQCZ) , C)

3. Determinations of photographic integral magnitudes

A. N. Vyssotsky, E. T. R. Williams, 1933 (VW)

The following reduction equation was obtained:

B =+0.80 + 0.92 VW - 0.31 (B-V)
+- 0.09 + 0.32 (8)

The mean square error was ±0o21.1
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4. Photoelectric measurements of J. Stebbins, A. E. Whitford,

1936 (stw)

The integral stellar magnitudes were measured with three

diaphragms having diameters of 128", 64" and 42". Usually the

cluster was measured with one diaphragm as a function of the

cluster diameter. There were 52 such clusters. Fbrteent(clusters

were measured with two diaphragms, and only two were measured

with three diaphragms.

Both methods described on page 10 were used in-the

reduction. In the case of the first metliod, measurements from

the studies A,B,C,D were used. For the second method, the

following reduction equations were found: /25

V = 5.80 +:0.73.StW (128) - 4,28- ld
t 0.04 + 0.41

V = 6.68 + 0.52'StW (64) - 3.97. gd (9)± 0.03 +. 0,20
, V = 6.27 + 0.50.StW (42) - 3.51. 2g d

± 0.06 - 0,59

The integral magnitudes of StW calculated by the two methods

were di ectly compared with our preliminary magnitudes in order to

determine the color equation. The following formula iwas obtained:

V = 0.36 +1.01 StW - 0.49 (B- )
. ± 0.02 ± 0.09 (10)

The mean square error of the measurement of one cluster was

14



5. Photographic measurements of W. H. Christie, 1940 (Ch).

The very valuable series of photometric measurements of

Christie, performed by, means. of the S-Sh-oraffy 1late holder ; .... - --

were very.-good with respect to the scale, but not very accurate

as compared with our preliminary system of integral magnitudes.

The following reduction formula was obtained

-- __-- .__ _- -- -'~----- - ---------

B 0.07 +:1.00 Ch - 0.31 (B-V)
S0.02 0.11 (

The mean square error of measuring one cluster was t025.

6. Measurements of the photographic integral magnitudes

A. Wallenquist and A. Lundby, 1944 (WL)

The integral magnitudes measured by Wallenquist and

Lundby may be reduced to System B only by means of two systems

of equations (clusters brighter than and weaker than B= 10.0).

B = 8.31+ 0.33WL - 0.65'(B-V) -1.21 lgd (V< 100)
± 0.08 - 0.58 ±0.99 (12)

B .- 0.47 +1.08WL+0.41 (B-V)-2.l15gd . (V> 100) I
± 0.20 0.45 ± 0.91 (13)

The mean square error of measuring one cluster was,±0o26.
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7. Measurements of the integral magnitudes of C. Fehrenbach,

1948 (Fr).

Th integral magnitudes measured by Fehrenbach were closer

to the photometric system V than B:

B - 0.83+ 0.96 Fr -,0.59 (B-V)
J 0'04 &029 (14)

The mean square error of measuring one cluster wa t0.21.

/ 26

8. Photoelectric measurements, S. van den Bergh and R. C. Henry,

1962 (vdBH).

The integral stellar magnitudes corresponding to a wave-

length close to the V system were obtained with a 28" diaphragm.

Both methods described on page 10 were used in the reduction.

In the case of the first method, measurements from the studies

A,B,C,D were used.

For the second reduction method, the following formula

was obtained:

V = 9.39+ 0.30 vdBH - 5.08 Ig d
± 0.07 ± 0.33 (15)

The mean square error of measuring one cluster was t-0.31.

9. Photoelectric measurements, S. van den Bergh, 1967a, 1968

(vdB67,68).

The integral magnitudes of 146l globular clusters were deter-

mined by van den Bergh in 1967, using a 3:02 diaphragm'.

Just as in the preceding cases, two methods were used. The

16



following formula was obtained for the second method

V - 4.52 + 0.73 vd B67 -. 3.11 1g d(16)
t 0.05 t 0.22 (16)

The mean square error of measuring one cluster was 0.m"14.

In the work of 1968, the integral magnitudes were only given
for five globular clusters. They were measured with 60" and 30"

diaphrams. The first reduction method was used in the regular
way. The derivation of the formula for reduction by the second

method was unreliable, due to the small number of clusters. The
following equation was obtained formally (graphically)

V- 3.05 + 0.71 vdB68- 3,5 Ig d

(17)

However, the errors of the coefficients were so great that the
calculated values were used with a double reduction in weight.
The mean square error was given an arbitrary value of ±0piS.)

10. Photoelectric measurements of J. S. Neff, 1970 (Nf). ',

Just as in the previous cases, two reduction methods were

used. The following formula was obtained

V =4.27 + 0.08 Nf-2.67 Igd (18)S0.17 : 0.94 (18)

The mean square error of measuring one cluster was ,0.26. -

/27
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11. Photoelectric measurements of G. V. Zaytseva and V. M. Lyudtiy ,

1974' (ZL)

The photoelectric measurements were carried out in 1971-1972

in the UBV system with 137" and 68" diaphragms. Reduction to the

complete integral magnitude was done by two methods, just as for

the other series of observations with diaphragms which did not

completely cover the clusters. The following formulas were obtained

for the second reduction method:

V = 3.50 + 0.78 ZL (137) - 2.39 ig d
- 0.05 - 0.30

V- 5.54 + 0.63 ZL (88) -3.58 Ig d (19)- 0.06 0.35

The mean square error of measuring one cluster was +0,]2./

12. Electronographic measurements of G. E. Kron, 1973 (Kr).

In answer to my request, G. Kron Ikindly gave me the pre-

liminary results of electronographic observations of 14 globular

clusters. In addition to the measurement of diameters (see

below), Kron also obtained the integral magnitudes of these

clusters. His measurements in the V system practically coincide

with our preliminary system, and are related to it by the

following formula (obtained graphically):

V -0.02 + 0.99 Kr j (20)

The mean square error of measuring one cluster was '+0?11.
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13. Photographic measurements of H. Wilkens, 1937 (Wk).

It is particularly interesting to note the first attempt

at tricolor measurements of integral stellar magnitudes, which

was not completely successful in terms of accuracy but is still

interesting in terms of content. The integral magnitudes were

measured of 27 globular clusters in three sections of the spectrum

b,v,r, close to the B,,V and R regions. Their reduction to our

system led to the following formulas:

B - 7.75+ 0.39(Wk)b + 0.47 (B-V) - 3.09 lgd+ 0.27z
-0.08 +0.36 ±0.57 ± 0.27 (20a)

V= 8.24+ 0.83(Wk)g - 0.40 (B-V)- 2.56 lgd -0.10 z
0.07 0.27 +0.47 0.23 (20b)

V= 7.64+ 0.41 (Wk)r - 0.27(B-V) - 2.89 lgd
+0.06 ±0.26 + 0.44 (20c)

The mean square errors of measuring one cluster were, respectively,
i- 0.32, + 0.25 and ± 0.26.

Each of these formulas was used to calculate the reduced

values of the magnitudes according to the data of Wilkens, which

were reduced by means of the values (B-V) to the V system. Then

the weighted average of these three values was calculated. It was

calculated with the weight of 0.4 in a determination of the overall

average. /28

Table C gives the weighted average values of V apparent inte-

gral magnitudes of all the globular clusters for which measurements

or determinations were-made. The error of the measurement and the

number of measurements were taken into account when establishing

the weights. The weight corresponding to the mean square error

+±Omlwas used as the unit of weight. The following numbers

correspond to the sources, on the basis of which the mean weighted

value of V was calculated.
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The photographic observations reduced to the.B system

were reduced to the V system by simple subtraction of the final

values of the color equivalents B-V (see the following section),

which were derived from the earlier integral stellar magnitudes.

The weights of the photographic measurements of the integral

stellar magnitudes of the globular clusters were much less than

the weights of the photoelectric measurements and were significant

only wh. there was a very small number, or none, of photoelectric

measurements, or when they were unreliable.

3. COLOR EQUIVALENTS

In present day photometric systems, color equivalents

provide very important information about the physical character-

istics of objects and interstellar absorption. In the last 15

years many measurements have been made of globular clusters in

the photometric systems U,B,V,I. Therefore, the decision was

made to reduce all observations made in these systems, or systems

similar to them, to a similar system. In addition, in recent

years, many measurements have been made in narrow-band and inter-

mediate-band photometric systems. However, it was impossible

to reduce them to uniform systems. I spite of the fact that

their information content was greater than the information content

of U,B,V,I photometry, the solution was made to only consider

the sources in this book (see pages 28 to 31).

A system selected by S. van den Bergh, 1967, was chosen

as the preliminary system of globular equivalents B-V and

U-B. All of the observations which were used were reduced to it.

The system of H. L. Johnson, et al., 1966, was selected with

respect to the color equivents V-I. It is related to the system

V-I (G. E. Kron and N. U. Mayall, 1960) by the equation

V-I ~*O.245 + 1.203 (V-I) KM
S0.009 ±0.014 (21)
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All the measurements were reduced to the Johnson system.

The reduction of color equivalents to a single system is

incomparablyJsimpler t h a n the reduction of integral stellar\'

magnitudes, and is usually reduced to obtaining a linear equation

with two terms (zero-point and proportionality coefficient).

A description of all the series of observations which we studied

is given below.

1. Color system of C2, J. Stebbins and A. E. Whitford, 1936 (StW).

A large amount of measured clusters makes it possible to

obtain a reduction formula with great reliability.

B-V =.0.883 +.2.748 C 2
i0,009 + 0.072 (22)

The mean square error of the measurement of one cluster

is +±OOS.)

2. Six-color photometry, J. Stebbins, 1950 (St).

The (B-G) values of, Stebbins have the closest relation- ,

ship with the values of B-V. They are related by the formula

B-V = 0.633 + 1.383(B-G) (23)
± 0,040 t 0.076

The mean square error of the measurement of one cluster

is -+O 103.
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3. Photoelectric color indices of J. Dufay and J. H. Bigay, /30

1959 (DB).

B-vi 0.031 + 0.960 DB (24)
+0.056 ~ 0.044

The mean square error of the measurement of one cluster is

f- 0 0 7.1

4. Photoelectric measurements of H. L. Johnson, 1959 (J).

B-V 1.0183J-0.020
+ 0.030 ± 0.031 (25)

The mean square error of the measurement of one cluster is

5. Photoelectric measurements of G. E. Kron and N. U. Mayall,

1960 (KM).

The measurements were performed in the P-V system, but it

is linearly related with the B-V system by the following formula

B-V = 0.074 + 1.066 KM (26)
t 0.012 0.013 (26)

The mean square error of measuring one cluster is toO 30t

6. Photoelectric measurements of S. van den Bergh and R. C. Henry,

1962 (vdBH).

The values of C(41-51) were used, which are very closely

related to the values of B-V by the equation

B-V = 0.039 + 1.027 vdBH I
t0.048 ± 0.060 (27)
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The mean square error of measuring one cluster is '±08049.

7. Photoelectric measurements of J. Rousseau, 1964 (Rou).

B-V = 0.005 + 0.999 (Rou) (28)
±0.024 ± 0.023

The mean square error of measuring one cluster is +O.m0 36,I

8. Photoelectric measurements of I. R. King, 1966b (Kn).

Only measurements which were made with the three largest

diaphragms were used in calculating the reduction. Since nine

clusters in all were measured with a very small dispersion of

the B-V values, it was decided not to calculate equations of the

regular type, but to limit ourselves to only the average difference

between the measurements of King nd the systemof van den Bergh

B-V = Kn +o0.02 (29)

The mean square error of measuring' one(-cluster' is ±OO21./

9. Photoelectric measurements of S. van den Bergh, 1967a, 1968 ( /31
(vd3).

1-v = 0.018 + 0.981 vdB / (30)
±0.013 ± 0.015

The mean square error of measuring one cluster is ±nToi0,j
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10. Intermediate band photometryj J. S Neff, 1970 (Nf).

S- The ha f-sum of to intermediate band color equivalen tsI

.5 1+ Y2 ) s o und to have the closest relationship with the

B-V values. The following equation was obtained
----------- _-- ------.

B-V . 0.316 + 1.145 Nf
S0.019 - 0.036 (31)

The mean square error of measuring one cluster is ±0023.1

11. Photoelectric measurements of H. H. Guetter, 1973 (Gt).

The numerous measurements of Guetter, which were kindly put

at our disposal, were performed in a system of six-color photometry.

The B-G values were found to have the closest relationship with

the B-V values. They were related by the equation

B-V= 0.887 + 1.361 (B-G)
0.008 ± 0.029 (32)

The mean square error of measuring one cluster is ±0O45.

12. The'inte-rmediate band photometry of S. M. Faber, 1973 (Fab).

The intermediate band color equivalents (45-55) were found

to have the closest relationship with the B-V values. The follow-

ing equation was obtained:

B-V 0.183 + 1.139 (45-65) (33)
±0.026 ± 0.060

The mean square error of measuring one cluster is ±0F022.
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13. The photoelectric measurements of G. V. Zay,Iseva and V. M.

Lyutiy/, 1974: (ZL).

The measurements were used before'they were published.

B-V = 0.038 + 0.968 (ZL) (3
t 0.024 ± 0.023

The mean square error of measuring one cluster is +±0.46.j

/32

There were fewer measurements of the very important color

equivalents U-B and they were less accurate than the B-V measure-

ments or the equivalents close to them. Nevertheless, their

measurement was particularly important, because, since they

encompass the region of the Balmer discontinuity and the ultra-

violet emission behind the discontinuity, the U-B values provide

additional information about the chemical composition of the

stellar atmospheres.

Information is also given about the series of measurements

of the U-B values or the equivalents close to them, which we

employed.

i Photoelectric measurements of H. L. Johnson, 1959 (J).

U-B = 0.013 + 0.997 J
±0.008 + 0.018 (35)

The mean square error of measuring one cluster is ~±0M24,
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2. Photoelectric measurements of J. Rousseau, 1964 (Rou).

U-B 1.114 Rou-0.015
±0.052 - 0.016

The mean square error of measuring one cluster is ±0f026.

3. Photoelectric measurements of S. van den Bergh, 1967a, 1968

(vdB).

U--B 0.011 + 0.942 vdB
±0.007 ± 0.019 (37)

The mean square error of measuring one cluster is *0.025.

4. Intermediate band five-color photometry of R. D. McClure and

S. van den Bergh, 1968 (vdBC).

The sum of all four color equivalents C(42-45) + C (41-42) +

C (38-41) + C (35-38) = vdBC, had the closest relationship with the

values of U-B. The following equation was obtained,'"

U-B = 0.825 vdBC-0.039
±0.019 ± 0.020 (38)

The mean square error of measuring one cluster is !A0M36.

5. Intermediate band photometry of J. S. Neff, 1970 (Nf).

The sum of two intermediate band color equivalents 7'iY+-'3 )=Nf./

had the closest relationship with U-B values. The following

equation was obtained:

U-B = 0.744 Nf-0.079 (39)
±0.034 ±0.019 (39)

The mean square error of measuring one cluster is ", ,0±T32.
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6. Photoelectric measurements of H. H. Guetter, 1973 (Gt). i/331

The measurements were performed in a six-color photometric

system. The combination of the ,L(U-V)+2 (-B)- tcolors was found
-- - c-t.I

to have the closest relationship with the U-B values. They were

related by the equation:

U-B= 0.149 + 0.331 Gt (40)

t0.009 t 0.030

The mean square error of measuring one cluster is ±0 51.\

7. Intermediate band photometry of S. M. Faber, 1973 (Fab).

The following combination of intermediate band measurements[ofI

S. M. Faber was found to have the closest relationship with the

U-B values: Fab =1((35 - 45) +2(38 45))\. Both values are related

by the equation

U-B = 0.812 Fab - 0.878
±0.034 ± 0.036 (41 )

The mean square error of measuring one cluster is ±0'021. 1

8. Photoelectric measurements of G. V. iZaytsova and V. M. Lya tiy,

1974 (ZL)

The measurements were used before they were publishedd.

U-B = 0.013 + 0.941 ZL (
±0.011 ± 0.027 (42)

The mean square error of measuring one cluster is ±+0T029.J
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Unfortunately, there are very few observations of the globular

clusters in the near infrared region; however, they are very
diverse with respect to the bands which were selected by the
observers. A comparisoh of individual series of observations
showed that they may be readily reduced, without systematic
deviations,to the V-I system which we selected (H. L. Johnson,
et al., 1966).

Information is also given about the series of measurements
of V-I which welemployed or the equivalents similar to this system.

1. Six-color measurements, J. Stebbins, 1950 (St).

The G-I difference of.Stebbins was found to have the closest
relationship with the V-I values. The following equation was
obtained

v-1 . 0.915 +.0.917 St
0.012 1 0.008 (43)

The mean square error of measuring one cluster is ±0 022.I

2. Photoelectric measurements of G. E. Kron and N. U. Mayall, / 34
1960 (KM).

SV-I= 0.245'+ 1.203 KM (44)
-0.009 ± 0.014

The mean square error of measuring one cluster is ±O.042.1

3. Six-color measurements of H. H. Guetter, 1973 (Gt).

The G-I difference of Guetter was found to have the closest
relationship with the V-I values. They are related with each other
by the following formula:

V-I= 0.950 + 0.846 Gt
-0.018 ± 0.1019 (45)

28



The mean square error of measuring one cluster isJ +0.70j

4. Intermediate band photometry of S. M. Faber, 1973 (Fab)

The difference obtained by Faber (74-55) for 10 clusters

was found to have the closest relationship with the V-I value.

The formula relating these values was obtained graphically

V-I = 1.33 Fab - 0.155 (46)

The mean square error of measuring ,one cluster is] 00O22./

Table C (Page l20-125) gives the average weighted values of

the integral stellar magnitudes in the V system of the color

equivalents B-V, U-B, V-I. A unit of weight corresponds to the

mean square error ±.0.10, The columns behind each of the four

values give the sources designated by numbers corresponding to

the studies which were used in calculating the weighted average.'

A list of them is given after the table, and the complete

source is given in a list of sources used at the end of the

book.

Narrow band, intermediate band photometry

and spectrophotometry of globular clusters

The integral spectra of globular clusters represent the

total effect of superimposing the spectra of all the stars in

a cluster. It is apparent that the integral spectrum is pri-

marily determined by those stars.-in the cluster which make the

greatest contribution to the total emission of the L

spectral regions of interest t.o the researcher. Therefore., the,

gradients of the spectra themselves- as well as the spectrophoto-

metric measurements, and
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the intermediate- and narrow-band photometry, cannot be unequivocal

functions of temperature, chemical composition, or any other

characteristic of the cluster emission. Nevertheless, such

studies are important, since they make it possible to make a

tentative judgment about the physical characteristics of globular

clusters.

A list of published studies in this discipline and their

brief characteristics is given below. /35

1. S. van den Bergh and R. C. Henry, Publications of-David !Dunlap\
Observatory, Vol. 2, 1962, pp. 281-313.

The relative intensities for several circular values of

wavelengths are given for 21 globular clusters, obtained by

scanning the spectra. They are used to derive auxiliary values,

correlated with temperature, the content of heavy elements, etc.

We partially.,used these measurements already, and will use them

below.

2. R. D. McClure and S. van den Bergh, Astronomical Journal,
Vol. 73, 1968, pp. 313-337.

Intermediate-band electrophotometry of 67 globular clusters,

as a result of which the following color equivalents were derived:

C(42-45), C(41-42), C(38-41) and C(35-38). They may be used

to derive the auxiliary values which are correlated with

temperature and the'.content of heavy elements. The measurements

were already used previously to obtain the U-B values and will

be used below.
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3. H. L. Johnson and D. H. McNamara, Publications of Astronomicall

Society Pacific, Vol. 81, 1969, p. 485.

Narrow band photometry of 15 globular clusters. The values

b-y, ml, C1 and were measured. The measurements will be used later

to determine the content of metals and the spectral class.

4. J. S. Neff, Montly Notices Royal Astronomical Society, Vol. 149,

1970, pp. 45-50.

The intermediate-band photoelectric measurements in four

spectral regions. The xl, x2 , and x 3 values obtained make it

possible to determine the temperature, spectral, and regular color

equivalents. The measurements were already used and will be used

below in the text. In all, nine globular clusters were measured.

5. W. H. Osborn, Position of Globular Cluster Stars in the

Physical H-R Diagram, Thesis, 1971.

The intermediate-band measurements of individual stars in

the globular clusters M3, M5, M10, M13 and M92, obtained by deter-

mining temperature, content of metals, and acceleration of gravity

on the surface. They will be used below in the text.

6. S. M. Faber, Astrophysical Journal, Vol. 179, 1973. pp. 731 -
754.

Ten-color, intermediate-band electrophotometry of ten

globular clusters in the 3500 - 7400 wavelength region. Many

derivative values were obtained from them, making it possible to

determine several characteristics. The measurements were used to

obtain the color equivalents, and will be used below in the text.
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In addition, individual determinations, which were made /36

concurrently with other studies, of different characteristics

of individual globular clusters were published. They will be used

later in the text with the corresponding biographical references.

The recent discovery ofj the excess infrared emission in the

spectrum of the M15 cluster ,(MGregor, et al, 1973)1 at a wavelength

of 10.2 -, is extremely interesting and very promising. The

nature of this phenomenon is still unknown] however, it is

apparent that we must search for similar phenomena in the central

regions of very massive globular clusters of great luminosity,(

strong concentration, and large dimensions of the nuclei (for

example, 47 Tuc, c Cen, M3, NGC 6093, M92, NGC 66541, M2 )

The identification of the globular clusters M92 and M15

with X- sources of 3U 1736 + 43 and 3U2131 + 11 is very interesting,

but requires verification. If the identification is confirmed,

further studies of X-ry emission of the globular clusters will be

very desirable.

A. G. DavisPhilip, 1973 have carried out numerous narrow-

band photoelectric observations of stars in certain globular

clusters, primarily with respect to the hot stars of the horizontal

branches. The study has been very informative.

Everything related to spectral and photometric studies of

global characteristics of globular clusters awaits a more'

extensive theoretical interpretation. The accumulated knowledge

about the functions of luminosityl and the color of several

globular clusters makes it possible to formulate valid models

and to compare the characteristicsof these models with the observed

characteristlics of the cl-usters. This- ob r m- will arisF in sub- -
- ----' ieq tp-- ters ofh Bwf- k e----uT- we-l s-ilino-t r-et-urnto- - - - -  --

each time.
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4. SPECTRAL CLASSES /37

The determination of the integral spectral classes of

globular clusters is of great importance, if only for the simple

reason that the criteria of spectral classification do not

depend on interstellar absorption, in contrast to almost all other

photometric measurements. It is true that the chemical composition

of the stars in globular clusters is closely related to the

criteria of spectral classification. This leads to difficulties

and contradictions in spectral classification.

If we do not take into account the pioneering attempt to

determine spectral classes of globular clusters of the veteran

of spectral stellar classification, A. J. Cannon, (1929), we must

consider the first contemporar study to be that of N. U. Mayall,
1946.

Like many of our predecessors, when selecting a system of

spectral classification we employedl the determinations of

W. W. Morgan, 1956 and T. D. Kinman, 1959b. Both of these

series of observations practically coincide and are based on the

CH/Hy ratio. We did not take into account the systematic

difference between the determinations of one and the same clusters

by these authors which amounted to less than one tenth of a

spectral subclass. All of the remaining determinations of the

spectral classes are reduced to this system. Below we give a list

of all the spectral series of observations used and the reduction

formulas or tables.

1,2. ,Spectralelassificatin .ief N. U. Mayall, 1946.

The study of Mayall gives two series of spectral classes of

icriteria used at the Mt. Wilson Observatory and measured in the

old system. The first series corresponds to spectrograms obtained
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with a spectrograph on a 36" refractor, of the Linsk Observatory.

These spectral classes are related with the CH/Hy system which we

selected by the following equation

*Sp F4.46 + 0.41 (M36" - FO)
(47)

where the value (M36" - FO.0) designates the difference between

the spectral class of Mayall and FO.0 expressed in tenths of a

spectral class.

The second series of Mayall corresponds to spectrograms

obtained on the Crossley reflector. These spectral classes do

not have a linear relationship with the system we selected and

the dependence is tabulated. The first symbol corresponds to the

spectral class according to Mayall (NC) ,and the second - to the

spectral class in our system. /38

MC CH/HV MC CHI/HX MC CH/HX MC CH/HI y
AS F2.0 FO F3.3 F5 F5.3 GO F8.0
A6 F2.3 Fl F3.7 F6 F5.8 G1 F8.6
A7 F2.5 F2 F4.0 F7 F6.3 G2 F9.5 or G6.0
A8 F2.8 F3 F4.5 F8 F6.8 G3 G0.2 or G4.6
A9 F3.0 F4 F4.9 F9 F7.4 G4 G].8

As may be seen, for spectral classes later than Gl, this

dependence is ambiguous. The value which is in best agreement

with other determinations is usually selected.

3,4,5. Spectral classification of Morgan, 1956, Kinman, 1959 b.

As was pointed out above, the spectral classification of

Morgan and Kinman,based on the Ch/Hy ratio, was used by the authors-

as the system. Both series of determinations of Morganwhich he

carried out. both from spectrograms obtained by Mayall on the-

Crossley reflector and from specially obtained spectrograms on the

82" reflector spectrograph of the MacDonald Observatory, are based
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on the MK standards. Measurements of Kinman, obtained from
spectrograms on the 74" reflector of the Radkliffov Observatory
in South Africa are based on the same system.

6. Spectral classification of S. Van den Bergh, 1969.

Studying the photometric and spectroscopic characteristics

of globular clusters in the Andromeda nebula, Van den Bergh deter-
mined the spectral classes of 42 globular clusters in our galaxy.
He applied the MK standards to four spectral regions: the lines
of H and K Ca II, X4226 Ca I, the G band and 24325 Fe I. For-
tunately, just like many other characteristics of globular clusters
based on spectral or photometric characteristics, these measure-

ments of Van den Bergh are related both withtemperature and Uith the
content of the heavy elements. In other cases, they may be used
both for spectral classification and for determining the content
of metals. The average values of the four determinations of

Van den Bergh, which he designated by the symbol L, had the best
agreement with the system of spectral classes which we selected.
These values do not have a linear relationship with our system

and are tabulated (see the table).

L CH,/Hy L CH/Hv L CH/lly L CH/Hy
A9 'F2.0 F3 F5.2 F7 F8.9 GI G4.0FO F2.7 F4 F6.3 F8 GO.0 G2 G5.8FI F3.5 F5 F7.0 F9 G1.2 G3 G7.5F2 F4.3 F6 F8.0 GO G2.5

7. Spectral classification of P. J. Andrews and T. Lloyd Evans, /39
1973 (ALE)

Using somewhat different criteria than those of Kinman, the
authors-determined the spectral classes of 17 globular clusters
with the spectrograph in the prime focus of the 74" reflector
of the Radkliffov Observatory. A comparison of the spectral
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classes which they determined using the G band with our spectral

classes led to the following linear equation

Sp 1.014 (ALE -FO.0)-0.35 (48)

where-the value (ALE-FO.0) designates the difference between the

spectral class of the author, and FO.0 expressed in tenths of a
complete spectral class.

In contrast to the integral stellar magnitudes and the color
equivalents, whose numerical values always make it possible to
determine their accuracy, it is more difficult to determine the
accuracy of establishing spectral classes. Nevertheless, a com-
parison of the preliminary (before introducing the weights)

average values with the values of individual series of determina-

tions makes it possible to determine the relative accuracy. It
was found that the measurements of spectral classes of Morgan,
Kinman, Andrews and Lloyd Evans were the most accurate. They
used a weight of 3, using as the unit weight the quantity corres-

ponding to the mean square error in one tenth of the complete

spectral class. In the case of possible u n certainty, these
weights were reduced the corresponding amount. All the remaining

direct determinations of spectral classes were given the weight
of 1.

In addition to direct determinations of spectral classes,
indirect determinations were made, based on photometric measure-

ments.

1. Measurements of intensity of G-bands of S.C.B. Cascoigne and
,:;1. J. A. Koehler, 1963.

The quantities y show the correct correlation with spectral
classes. Corrected for interstellar absorption, these quantities
are related with the spectral classes by the following equation
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found graphically

Sp - 40.2 (y- 3) - 6.9

The deviations from the reliably determined spectral

classes of several clusters were used to determine the weight,

which was found to be close to 0.1.

2. Intermediate band photometry of R. D. McClure and S. van den

Bergh, 1968.

The narrow band measurements of C(42-45), corrected for

interstellar reddening, were found to have a definite dependence

on spectral classes. The following equation was obtained graphi- /40

cally where C*(42-45) designates the value corrected for absorption

Sp m 54.0 c5(42-46)-15.1 i (50)

The deviations from the assumed values lead to a weight of 0.5.

3. Intermediate band photometry of S. M. Faber, 1973.-

The value (G)0 has aclear]dependence on spectral class.

This value was changed somewhat due to the fact that our values

for interstellar reddening did not agree with the values used

by Faber. The following formula was obtained graphically

Sp 48.65 (G)o - 5.8 (51)

A weight of 1 was determined from the deviations of the calculated

spectra from the assumed spectra. At the end of the book, the

tables of the final values of the unified global characteristics

of globular clusters give all of the values of spectral classes-

derived only by means of indirect (photometric) methods-- in]

parentheses ,,although they may sometimes be more -accurate than the

poor direct determinations (see table D).
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Unfortunately, the integral spectral classes of globular

clusters are closely related to the content of metals and it is

difficult to find methods of separating them reliably. Therefore

in several cases, particularly when there were contradictions in

individual determinations, a mutual correction of reliability was

made using Equation (71), on the basis of independent determinations

of [m/H] and the spectral classes.

The final values of the spectral classes are given in

Table D. The' unit of weight corresponds to one tenth of a com-

plete spectral class. However, in contrast to the weights of other

values in the catalog, the weights of the spectral classes are

arbitrary to a certain extent.

5. TRUE COLOR EQUIVALENTS OF GLOBULAR CLUSTERS IN THE U, B, V, I

PHOTOMETRIC SYSTEM AND COLOR EXCESS /41

As was already noted in the I troduction, many parts of this

book are closely related to each otherl when a certain problem is.

discussed it is impossible to avoid referring to subsequent sections.

Thus, for example, when deriving the integral stellar magnitudes,

it is necessary to know the values of the color equivalents.

Studying the numerical relationships between the narrow-band or

intermediate-band photometric measurements and spectral classes,

it is necessary to know the color excess, etc.

To a significant extent, this statement pertains to this

portion of the book. It is impossible to speak of true colors

of globular clusters, without knowing the color excesses, whose

determination will only b ade in ajsubsequent chapter.- j

Globular clusters are very favorable objects for studying

the interstellar absorption of light. They are encountered
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at almost all latitudes, but have a strong concentration toward

the center of our galaxy. Their iluminosity is so great and their

external appearance is so characteristic that it is easy to

identify them at large distances from the Sun. The determination of

such absorbed objects, as the globular cluster of Terzan,

5=LRC-20385 (I. Terzan, 1968, 1971) makes it possible to establish

the value of the overall and selective absorption of light at

great distances which would be difficult to reach by means of other

objects of the stellar medium in the optical frequency range.

The relative abundance of globular clusters in the center of our

galaxy is particularly important, since, for example, we still

do nc know with reliable accuracy the distance up to the center

of the galaxy.

Use of the observed values of color equivalents for deter-

mining the color excesses connected with the overall absorption byl

simple relationships. requires a knowledge of the true (free from

selective absorption) values of these equivalents. In the present

chapter of the book, a method is described for obtaining the

true values of the color equivalents (B-V)0 , (U-B)0 and (V-I)0 .

This was done by certain approximations.

The color excesses E (B-V) were determined by different

methods which were not related to the measurements of the color

equivalents of the clusters themselves. Color excesses were used

which were calculated (according to the law of latitude cosecant)

for globular clusters with galactic latitudes outside of the

±300 band. The method_ f ParonaSharov (A. . arov,. 1963) was followed.

These methods could ,'t give precise values of the color excesses

of each cluster, but they were suitable for a general solution

of the problemwith a sufficient number of clusters. In some cases

estimates of the color excesses of stars in the field in the

vicinity of individual clusters were used. Finally, the color

excesses were determined by comparing different points and the
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sequences of the most reliable diagrams of the color-luminosityl,-

with diagrams of the clusters in which the color excesses were

very small and known. It is, true that we always must. pecall

that these determinations have small but unavoidable errors re-

lated to the axiomatics lying at the basis of the selection and

calibration of absolute values of the points selected and the se-

quences.

As a result of a "first approximation", 38 globular clusters

were selected for which the values of the color excesses were

particularly reliable. The (B-V)0 values, corrected for the color

excess, were compared with the spectral classes of clusters, and

preliminary values of E (B-V) were determined and combined with the

previous values obtained by other methods. This was the beginning

of the "second" approximation.

Then the following relationships were determined, which

were necessary for- further approximations:

x- E (U-B) y E(V.-I Z E (U-B)
E(B-V)' E(B-V) E(V-I) (52)

For this purpose, all of the 38 globular clusters we

selected, were divided into five groups, within which the spectral

classes were quite similar to each other. For each of the five

groups, equations of the following form were solved

(U-B) +b(B-V) (V-DI) c+d(B-V), (U-B)-e+f(VI) (53)

The values of X',Y',Z' obtained had random errors due to an

inprecise knowledge of the initial values of the equations.

However, the unknown values were related with each other by the

precise Vquations (52). For the five average spectral classes

corresponding to the five groups of clusters mentioned above,

the observed values of X', Y', Z' were made to correspond to
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Equations (52) by successive approximations. The values thus

obtained were expressed graphically as a function of the spectral

class of the clusters, and they were used to draw smooth curves.

Then the procedure of making the values of X", Y", Z" obtained from

the graph coincide with Equations (52) was repeated for the entire

interval of observed integral spectra of the clusters. Finally,

the following values of X,Y,Z were obtained for the entire range of

spectral classes which are characteristic for globular clusters.

These values are given in Table 1 and are expressed graphically in

Figure 2. /43

1.2 -TABLE 1

1.0 Sp X Y Z

0.8 Fl1 0.72 1.89 0.38
1.9. F2 0.72 1.89 0.38

Y F3 0.72 1.89 0.38
1.7 F4 0.72 1.89 0.38

F5 0.73 1.86 0.39
F6 0.82 1.74 0.47

0.6 F7 0.87 1.685 0.53
0.4 Fa 0.91 1.62 0.58

F9 0.94 1.59 0.59
FO FS Go CS GO 0.98 1.60 0.61

G1 1.02 1.62 0.63
G2 1.05 1.64 0.64

Figure 2. Behavior of the G3 1.10 1.66 0.66
quantities x= (-B)/(B4-) , Y=(vIG)/(B-VJ; G4 1.14 1.67 0.88

(Z U-B? Vi-li as 'a function of the" G5 1.17 1.68 0.70
spectral type. G6 1.20 1.69 0.71

Knowing the color excesses E (B-V) and using the values

in Table 1, we may determine the color excesses E(U-B) and E(V-I) 1

Ifor all clusters having measurements in the U,B,VI systems. By sub-i
tracting these excesses from the observed values of (B-V), (U-B),
(V-I),/we obtain the preliminary true values of (B-V)0 , (U-B)0 ,
(V-I)

o0
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TABLE 2

1.1
Sp (B-V)o (U-B)0  (V-I)o
F 1.0 0.539 -0.042 0.944

1.2 F2.0 0.666 -0.019 0.986
F3.0 0.590 0.004 1.026
F4.0 0.615 0.027 1.064
F5.0 0.839 0.050 1.102
FM.0 0.682 0.074 1,138
F7.0 0.685 0.098 1.1731.4"  
F8.0 0.707 0.122 1.207
F9.0 0.729 0.146 1.240

L G 0.0 0.750 0.170 1.271
0.6 0.7 0.8 G1.0 0.770 0.194 1.301

G2.0 0.790 0.219 1.330
Figure 3. Relationship between G0.0 0.809 0.244 1.357

the true color equivalents G4.0 0.828 0.269 1.384

(U-B) (B-V) and (V-I) of G5.0 0.846 0.294 1.409
globular clusers. 0 G6.0 0.863 0.320 1.433

It is apparent that the values of the true color equivalents

of globular clusters are related with their integral spectral

classes. Therefore, equations of the following type were solved:

(B-V) o = a 4 b Sp + Sp2
(U-B) - d + eSp+ fSp 2

(V-I)O = g+ hSp+kSp 2, (54)
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where the left sides are known as a result of the calculations

just described, and the right sides contain values of the spectral

classes (see the preceding section). The new values of the color

excesses, obtained by the solution of these, e.uat.ions, were averagedj

with the previous redetermined values which were independent of them.

The true color equivalents were determined with the improved values,

and again the system of Equations (54) was solved.

As a result of the successive approximations described here,

the following numerical expressions of Equations (54) were used
(B-V)o = 0.613 + 0.267SP - 0.030 Sp2

±0.014 ± 0.039 + 0.023 (55)

(U-B) o - -0.065 + 0.226 Sp + 0.009 Sp2  
(56) /44±0.025 ± 0.071 0.042

(V-I)o = 0.902 + 0.431 sp - 0.062 Sp2  (57)
± 0.030 ± 0.083 ± 0.049

Using these equations, we may formulate the direct dependences

between the values (B-V)O, U-B)O, (V-)0 . These dependences are given

in Table 2, and are expressed graphically in Figure 3. /45

Knowing the observed values of the color equivalents of

globular clusters in the U,B,V,I system, as well as the integral

spectral classes, and using the values from Tables 1 and 2 for

each cluster, we may find the color excesses which satisfy in an

optimum way the numerical values of all the quantities used. If

there is no spectral class, we may select its value which satis-

fies in an optimum way the observed values of the color equivalents.

Recently R. Racine, 1973Iused a similar method for the color

equivalents B-V, U-B. This method was criticized by B. V. Kukarkin

and N. N. Kireyev, 1973. We would like to note that the statements

of Racine regarding the fact that the color equivalents are not

suitable for determining the contents of metals in the atmospheres

of stars and globular clusters is not correct. The blanketing
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effect unavoidably is included in the value Xin Equation (52).

The values of (B-V)O, (U-B) 0/ are actually free to a considerable

extent from the blanketing effect both as given by Racine and

by the authors. However, in the observed values of all color

equivalents, the blanketing effect is fully apparent, and they

are suitable for a reliable determination of the content of metals.

The appropriate formulas are derived in the chapter of this book

devoted to the problem of "Metallicity" of globular clusters.

A more rigorous solution of the problem of the true color

equivalents of globular clusters requires the concurrent examina-

tion of the influence of both temperature and chemical composition

of the atmosphere upon them. This problem did not lie within the

framework of the present investigationj however, we hope to study

this problem in the future. The values of the color equivalents

selected here are suitable for solving many practical problems

related to interstellar absorption, chemical composition, etc.

Color excesses and interstellartabsorption of light

In the preceding chapters of the book, we have already

repeatedly discussed the color excesses and interstellar absorption

of light in globular clusters. In this short chapter of the book

we shall describe the methods to obtain the excesses of the

color equivalent E (B-V) used in our studies and published in the

appropriate column of Table D at the end of the book.

The main source for the numerical determinations of E(B-V)

was a comparison of the observed values of B-V, U-B, V-I with the

true values (see the preceding chapter of the book) and the

determination of the optimum value which satisfies all conditions

in the best way.
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-A-secondary source was a study of the color-luminosity /46
diagrams and their comparison with the diagrams of the well-

studied clusters 47 Tuc, M3, M92 and others, for which E (B-V) is

small and is known. This method, which is widely used by many

researichers, is very sensitive to the axiomatics lying at the

basis of the selection of points and sequences which are suitable

for this purpose (blue and red end of the band of stars of the

RR Lyrae type, the point of rotation from the branch of the

giants to the main sequence, the point of intersection of the

horizontal branch and the branch of the giants, the average value

of (B-V) for stars of the RR Lyrae type, etc.)

The third source was certain theoretical relationships

which determine the true color equivalent of certain points.

Finally, the absorption of light was determined for certain

clusters based on the color excesses of surrounding stars, if

their spectra were known in the two-dimensional MK classification.

Just as in the case of determining the spectral classes,

it was difficult to make a precise estimate of the average errors

and the weights of all the values of the color excesses used. The

mean square error was determined from the deviations of a given
series of E (B-V) values from the preliminary average values,

and the weight was established. Then the weighted average was

calculated. Repeating this procedure only changed the weight to an
insignificant extent, and in the majority of cases, it was not done.

A unit of weight corresponds to a mean square error of E(B-V)-+O.
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6. CONTENT OF METALS IN THE ATMOSPHERES OF STARS IN GLOBULAR _/47

CLUSTERS

The problem of studying the chemical composition of the

atmospheres of stars in globular clusters is no less complex

than the problem of determining the true color equivalents and

color excesses. The same criteria must be applied to the composite

total integral spectra of globular clusters as are applied to

individual stars, i.e., they are not corrected. Attempts to deter-

mine the chemical composition based on the spectra of individual

stars were only made for a few globular clusters. However, this

is not entirely valid.

Achievements in the development of a theory for the internal

structure of stars with masses less than 1.5 of the solar mass and

calculations of different models have led to the conclusion that

many characteristics of the color-luminosity_ ,diagrams are correla-

ted with the content of heavy elements and helium. This provides

additional possibilities of determining the content of heavy

elements.

Electrophotometry in the U,B,V,I system, intermediate-band

and narrow-band photometry also provide specific information.

However, it must always be remembered that all the methods

mentioned above for determining the chemical composition depend

on many parameters and cannot be regarded as unequivocal, objective,

and sufficiently accurate. They all include systematic errors.

In this connection, the decision was made to select a uni-

form scale which is approximately linearly related with the

logarithm of the relative (as compared with the Sun) content of

metals. All of the available methods for determining the content

of metals were included, in the hope that with a sufficient number
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the systematic errors inherent to them could be regarded as random.

A. J. Deutsch, 1955was the first to pay serious attention

to the relative paucity of metals in globular star clusters\J

Later W. W. Morgan, 1959,noted that the integral spectra of

globular clusters also had characteristics related to the content

of metals. The studies of T. Kinman, 1959 b,land H. Arp, 1959, as

well as several others, were also devoted to theseproblems.1

At the beginning of the 1960's, in Moscow an attempt was madejto ]

reduce ] all of the accumulated determinations of "metallicity" to

an arbitrary scale which was proportional to the logarithm of the

relative content of metals. All of the published determinations

of the content of metals were later reduced to this arbitrary

scale. Finally, the work of Rusev and the author, (B .V. Kukarkin,

et al., 1972)published preliminary values of the metallicity

indices (MI). During the numerous reductions of several determina-

tions of the relative content of metals, our arbitrary scale of

the MI required a new calibration, which was done recently,

'0kV3 Kukarkin, 197,.j /48

In a subsequent section we shall describe all of the

determinations of the content of metals in globular clusters'which

we used, or the values quantitatively related with the content

of metals. Methods are described for reducing the corresponding

logarithm of the content of metals with respect to the Sun to

the value of [m/H] which we used.

The mean square deviation for each series of determinations

was determined by studying the deviations of the reduced values

from the preliminary average values. The weight was determined

on the basis of these estimates of the mean error. The relative

reliability of the determination was taken into account in each

of the series. The unit of weight corresponds to the mean square
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error ±0.10 in Em/H].

1. Classes of W. W. Morgan, 1959.

Morgan divided the entire set of globular clusters which

he examined into eight classes designated by Roman numerals,

so that I corresponded to the smallest relative content of

metals and VIII- to the largest. The .dependence of [m/H]'

on the classes of Morgan is tabulated in the following table

1 -2.13 11 -1.58 III -1.26 IV -0.98
V - 0.72 VI - 0.28 VII -0.15 VIII + 0.04

The mean square error of determining [m/H] of one cluster

is +0.22.

2. Determination of the relative content of metals based on

the spectra of individual cluster sthrs(T. D. Kinman, 1959 b.)

A determination of the content of metals by studying the

spectra of known members of globular clusters would be a direct

method of studying the problem. Unfortunately, a reliable study

of the spectra with great dispersion is still impossible due to

the weakness of even the brightest members of the globular clusters.

ThereforeDeutsch and Kinman were forced to confine themselves

to a study of spectra with low dispersion. Based on the proposal

of Deutsch, the measurement results were divided into three

groups: A, B and C. The first of these groups (A) corresponds to

clusters whose stars have the largest metal content, and the last

group (C)-- the least metal content. The average values of

[m/HI in our system are given in the following table for each of

these groups, separately from the determinations of Deutsch and

Kinman. A certain difference in the values of [m/H] of both

authors should not be surprising. There were three total clusters

48



in all (based on one in each group), so that the selections con-

sisted of different objects, and, with a small number of clusters

in each group, a random accumulation of systematic deviations is
fully possible due to the significant dispersion in each of the

groups. / 49
A B C

Deutsch -1.33 -1.69 -2.10
Kinman -0.90 -1.61 -1. 90

The mean square error of measuring [m/H] of one cluster is +0.20.

3. Difference in spectral classes determined from the lines of

hydrogen and iron (W. W. Morgan, 1956; T. D. Kinman, 1959b).

The difference between the determinations of the spectral

class based on the lines of hydrogen and iron, usually designated

by the symbol AS, may also be a measure of metallicity. Each of
the two examined series of observations was compared with the

preliminary values of [m/H] by compiling graphs. They were used
to obtain the values tabulated in the following table:

AS (Morgan) -3 3 6 7 8 9

[m/H +0.06 -0.76 -1.16 -1.30 -1.43 -2.00
AS (Kinman) 0 1 2 3 4 6 7 8 9

[m/HJ -0.90 -1.01 -1.12 -1.23 -1.34 -1.656 -1.67 -1.78 -2.00

The mean square error of determining Em/H] of one cluster is +0.39.

4. Spectrophome.tric c values of A, and i (S. van den Bergh
and G. L. Hagen, 1962).

All of the three values mentioned in the heading are related

with the value [m/H]. The following five equations were obtained

graphically:
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[m/I] - 4.92 -2.68 (58)
[m/H=l- 6.80 -2.88 > 0.19 \ (59)[m/HI=13O.0 -3.95 < 0.19 J
[ mA-.= 2.75 - 2.64 ( 0.48 (60)
[m/H]= 5.1 , -3.76 >0.48 (60)

The mean square errors of determining [m/H] of one cluster

are ±0.28, ±0.26 and ±0.20.

5. Intermediate band photometry (R. D. McClure and S. van den

Bergh, 1968)

The color equivalents C(38-41)jand C*(41-42), corrected for

interstellar reddening, were found to have the best relationship

with the values of [m/H] out of the color indices of five-color

intermediate band photometry of globular clusters. The follow-

ing four equations were.obtained dgrarphical-ly;:I

[m/H] - 8.2 C(38-41)-5.09, C*(38-41)< 0.50 1 (61)
[Im/H = 5.05 C*(38-41)-3.51, C*(38-41)> 0.50
[m/H] -48.0 C*(41-42)-3.87, C*(41-42)( 0.058 1
[m/I -14.3 C*(41-42)-1.91, C*(41-42)> 0.058 (62)

The mean square errors of determining [m/H] of one cluster /50

are i0.21 and -0.51 , respectively.

6. Narrow band photometry (H. L. Johnson and D. H. McNamara,' 1969)

The preliminary values of [m/H] are represented very well

by an equation which includes the values of [ml] and [c1)

corrected for interstellar absorption

[I/H)= 15.8 [m3+ 6.8[c 1]-6.3 (63)
± 2.4 ±+2.0

The mean square error of determining [m/H] of one cluster is d0.20.,
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7. Measurements of the spectra based on lines of different

elements (S. van den Bergh, 1969").

The value of L is closely related to the value of [m/H].

The following table gives the values taken from the graph:

L [m/HI L (Im/H] L [m/H] L [m/H]

-1 -2.31 3 -1.42 7 -0.77 11 -0.14
0 -2.09 4 -1.23 8 -0.62 12 +0.01
1 -1.87 5 -1.08 9 -0.46 13 +0.17
2 -1.64 6 -0.93 10 -0.30. 14 + 0.33

The mean square error of determfiing [m/HJ of One cluster is +0.24.1

8. The quantity A (U-B)(0. J. Eggen, 1972).

During the photometric measurements of stars in several

globular clusters, 0. J. Eggen determined the quantity A (U-B)

related with the values of [m/H] by the following equation

(obtained graphically)

[m/H] . -2.76 A(U-B) -0.03 (64)

The mean square error of determining [m/H] of one cluster is +±0.35111

9. Ten-color intermediate band photometry (S. M. Faber, 1973).

The values of (Mg)0 and (38-41)0, corrected for interstellar

absorption, had the most explicit dependence on [m/H] out of all

the different combinations of measurements by Faber. They are

connected with [m/H] by the following equations (obtained

graphically)

[m/H) -16.6 (,Ag)o - 1.71 (65)
[ im/H - 6.2 (38-41) -4.89 (66)

The mean square errors of determining [m/H] cluster are :10.21\ and

i0.1, respectively.
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10. Determination of the relative content of metals based on /51

wide band photometry of U, B, V, I (this paper).

As was illustrated recently, B. V. Kukarkin, N. N. Kireyeva,

1973, regular photometry is suitable for determining the relative

content of metals, in spite of the doubts indicated by R. Racine,

1973. The following equations were obtained based on the values

of the color equivalents (B-V), (U-B) and (V-I) given in this

study (see Table C) and as a result of comparing them with the

preliminary values of [m/HI:

[m/HI = 0.61 + 5.0 (U-B) - 3.9(B-V)
S1.1 1.2 (67)

[m/H] 0.10 + 4.8 (U-B) -1.8(V-)
- 0.8 ±0.5 (68)

m/H - QA3 + 5.3 (U-B)- 1.3(B-1) (69)
- 1 ± 0,9 ± 0.3

These formulas for calculating Q are given in the work of

B. V. Kukarkin, N. N. Kireyev% 19 7 4. The mean square errors of

determining [m/HI of one cluster are -±O.,27,±0.251 an'd '0.25/ ;'. .
respectively.

11. The relationship between the independent determinations of

Em/HI and the spectral classes.

It has been repeatedly noted that the spectral classes of

globular clusters are connected with the content of metals.

This is of both negative and positive importance. The negative

aspect consists primarily of the fact that in many cases it is

very difficult to separate the influence of temperature (spectrum)

from the influence of chemical-composition upon different photo-

metric measurements, particularly in the cases of wide band

photometry. The positive aspect consists primarily of the fact

that both of these values are mutually controlled by the other,

and this fact may be employed. This is particularly important

when there is no, or insufficient, other information.
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A comparison of the most reliable determinations of [m/H]

with the most reliable determinations of the spectral classes

gives the following equation (spectral class FO.0 is arbitrarily

assumed to be 0.00, and spectral class GO.0 - 1.00):

Im/H) - -2.40 + 1.70 (Sp - FO.O) (±0.07 ± 0.09 (70)

The opposite problem was solved- determining the spectral

class based on the value of [m/H]:

(SP - FO.0) - 1.44 + 0.59 Im/H]
+0.04 ± 0.03 (71)

The mean square errors of determining the corresponding values

of one cluster equal ±0.15] and ±0.09 . However, these estimates

are formal in nature, .i.e., both quantities are related with /52
each other statistically. These errors were not used in deter-

mining the weights. The weight was determined arbitrarily, using
the deviations from the average values.

In recent years there have been numerous publications of

studies of the evolution of stars with masses equal to,or less

than, the solar mass at later stages of development, as well as the
linear and nonlinear theory of pulsation.. Let us note, for

example, the studies of Albada, T.S. van, et al., 1973, Christy, R. F.,
1966, Demarque, P. R. et al., 1963, Demarque, P. R., et al., 1972,
Iben, I. Jr., 1971, Iben, I. Jr. et al., 1970, Rood, R. T., 1970,
Rood, R. T., 1973.

Repeated comparisons were made in these studies of the con-
clusions of the theory with the observations, particularly the
characteristics of the Her tzsprung-Russel) diagrams (they will
be designated by the symbol H-R below, for purposes of simplicity).
Certain characteristics of these diaphragms connected with the
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chemical composition were predicted (content of metals, content

of helium, etc.). Just as in the case of spectral and photometric

determinations of the content of metals, all the characteristics

(probably even to a great extent) are related with the axiomatic

lying at. the basis of the, corresponding .theoretical calculations.
However, in several cases, the connection between the content of

metals and certain characteristics "predicted" theoretically was

known before this (for example, the curvature of the branch of the

giants on the H-R diagram, the population of the blue and red

portion of the horizontal branch, etc.). All of this calls

particular attention to the similar relationships, and attempts are

made to use them for determining the relative content of metals

in the stellar population of the globular cluster.

Formulas or tabular values relating several characteristics

of the H-R diagram and other physical characteristics of stars in

globular clusters with the chemical composition of their atmospheres

are examined and derived below.

1, 2, 3. Characteristics of the branch of the giants in globular

clusters

It was recently found that the value AV, designating the

difference between the stellar magnitudes on the7 horizontal branch

and the same point on the branch of the giants, which corresponds

to the value (B-V) 0 +I40j , is not identicaland is correlated with

the content of metals. The correlation with the content of metals

occurs at the point of interseption of the horizontal branch

and the branch of the sub-giants, corrected for the color excesses

E(B-V), designated by the symbol (B-V)0,g. Several years ago the

single characteristic S was introduced (F.D.A. Hartwick, 1968),

which represents, in the words of Hartwick, the "inclination of

the line connecting the point of intersection of the horizontal /5

branch with the branch of the sub-giants and the point on the branch
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of the giants 2mT5 above the horizontal branch". This is simply

the tangent of the angle between the lines mentioned in the

quotation multiplied by 2.5'.. Hartwick stresses that the value of

S does not depend on allowance for the color excess, and therefore

is to be preferred to the value of AV. However, in principle,

this is not true, i.e., the color excess depends on the color

itself, particularly in the case of large values of (B-V) which

are characteristic for stars on the branch of the giants. In

addition, the accuracy of determining S decreases greatly with an

increase in the curvature of the branch of the giants, i.e., a

small error in determining the point of intersection of the hori-

zontal branch with the branch of the sub-giants has an insignificant

influence in the case of a small inclination, but has a very great

influence in the case of steep inclinations'. Nevertheless, we

decided to use the value of S'.

There is always a certain arbitrary element in determining

the values AV,s and (B-v)] . In order to reduce this to a

minimum, independent determinations of these values were made

twice over a long period of time. Then all the determinations

from the literature were selected. In addition, certain of these

values were determined independently by my coworkers, N. N. Samus'

and A. V. Mironov. The average of three determinations was

selected. Below Table 3 gives the values of all three quantities

which we used, as well as the magnitude of the stars on the horizon-

tal branch. A subjective estimate of the degree of reliability is

given after each value (the highest is 4).

We then studied the dependence of [m/H] on these three

characteristic H-R diagrams (the graphic method was used).

The value of AV is related with [m/H] by the following

equations:equations: [m/H 3.54- 1.96AV,- AV< 2.32 -1

[m/H] = 1.89 - 1.25 Av, AV>, 2.32 (72)
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The mean square error of determining [m/H] of one cluster is'+0.28.)

The dependence of [m/H] on S was formulated graphically

and tabulated in the following table:

S [m/H] S [m/H] S [m/Il] S [m/H]

2.6 +0.18 3.8 -0.99 5.0 -1.58 6.2 -1.99
2.8 -0.02 4.0 -1.09 ' 5.2 -1.67 6.4 -2.05

:13.0 -0.22 4.2 -1.19 5.4 -1.74 6.6 -2.11
3.2 -0.41 4.4 -1.29 5.6 -1.80 6.8 -2.18
3.4 -0.61 4.6 -1.38 5.8 -1.87 7.0 -2.24
3.6 -0.81 4.8 -1.48 6.0 -1.93

The mean square error of determining [m/H] of one cluster is ~0.35

The dependence of [m/H] on (B-V) , may be represented by two

equations (obtained graphically): /55

[m/IH] 6.75 (B-V) 0a - 6.57, (B-V)o >, 0.74
[m/If] 2.70 (B-V)o - 3.57, (B-V)0o a 0.74

The mean square error of determining [m/H] of one cluster is '0.37.]

4. Population of the horizontal branch of the .JHertzsprungr

Russell diagram

It has already become apparent that the horizontal branch

of the H-R diagram in different globular clusters is not the same.

About 15 years ago (1959) in Moscow, a classification of globular

clusters was proposed based on the form of the horizontal branch.

A relationship was found between the form of the horizontal

branch and the content of metals. A continuous scale of numbers

characterizing the population of the horizontal branch was

developed. A. V. Mironov (19721 1973), and A. M. Eigenson, 1973.,\

published several investigations devoted to the problem of the-
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TABLE 3

Cluster AV S (3-V)O, H

104 2.03 3 3.38 3 0.89 3 14.06 2
362 2.28 2 3.64 2 0.81 2 15.48 1

1261 2.68 1 4.52 1 0.79 1 16,60 Y2
1851 2.26 1 4.31 1 0.93 1 1581 1
2298 3.13 1 .55 1 0.70 1 16.20 1
2608 3.10 1 4.63 1 0.57 1/ 16.90 1
3201 2.80 1 4.93 1 0.65 1 14.88 1

Pal 4 2.67 1 4.56 1 0.74 1 20.50 1
4147 2.49 1 5.45 1 0.80 t 16.82 I
4372 3.10 2 6.10 2 0.78 2 15.58 2
4033 3.05 1 5.14 1 0.71 1 15447 1
5024 2.88 1 5.07 1 0.71 1 16.83 1
5053 3,.2 Y 4.73 1 0.64 1 16.05 'A
5139 2.86 4 5.2 4 0.78 4 14.,4 4
5272 2.70 3 5.00 3 0.79 3 15.64 4
5466 3,08 1 5.49 1 0.64 1 16.53 2
5897 2.79 1 5.00 1 0.76 1 16.21 1
5904 2.66 2 4.42 2 0.78 2 15 10 2
6121 2.18 I 3.20 1 0.79 1 13.32 1
6171 2.28 3 4.05 3 0.89 3 1M54 3
6205 2.51 3 4.86 3 0.80 3 14.75 3
6218 2.89 1 574 1 0.77 1 14.94 1
6254 2.65 1 5.38 1 0.82 1 14.72 1
6341 3. 10 3 6.79 3 0.69 3 150 8 3
6352 1.62 1 2.9 A 0.97 1 15,12 1
6356 1.98 1 .256 1 0.85 1 17.68 1
6362 2.45 2 4.61 2 30.90 2 15.28 2
6397 2.55 1 4 08 1. 0.84 1 12.58 1
6402 2.03 2 3.03 2 0.74 2 17.25 2
0522 2.26 1 3.57 1 0.8M 1 10.25 1
6528 1.7 ' 3.2 Y 1.0 % 17.2 H
66541 2.84 1 6.60 t 0.81 1 15.0 1
6553 - 3.0 1 0.98 ' -

6637 t52 1 3.16 1 0.98 1 16.25 1
666B 2.62 1 3.72 1 0.64 1 14.05 1
6712 2.23 1 4.S54 1 0.91 1 16.10 1
6723 2.09 2 3.79 2 0.97 2 15.52 2
6752 2.91 3 6.68 3 0.81 2 13.99 3
6779 3.02 1 4.63 1 0.58 1 16.20 1
6838 1.97 1 3.22 1 0.87 1 14.49 1
6934 2.92 2 6.81 2 0.81 2 16.84 2
6981 2.61 1 4.87 1 0.74 1 16.87 1
7006 2.65 1 4.44 1 0.74 1 18.74 1
7078 3.27 2 7.07 2 0.73 2 15.66 2
7089 2.90 1 6.78 1 0.75 1 15.91 1
7099 3.0 1 1 4.75 1 0.66 1 15.10 1

Pal 13 - - . 0.9 17.70 1
7492 2.32 2 3.20 2 0.74 2 16.98 2
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population of the horizontal branch.

In 1972, independently of the authors, a similar classifi-

cation was proposed by R. J. Dickens, 1972,who divided the entire

set of globular clusters into seven classes.

The scale developed in Moscow represents a continuous

series of numbers from zero to one. The number 0 corresponds to

the absolute absence -of stars in the red portion of the horizontal

branch and the greatest density of stars close to the blue end of

the branch. The complete absence of the horizontal branch was

used as unity. It is apparent that, among the observed diversity

of globular clusters, there is not one corresponding to the

maximum values of our scale.

Estimates of the population of the horizontal branches of

globular clusters are very subjective, even when attempts are made

to calculate the stars and estimate their density in the (B-V)

intervals. This is due to the fact that it is difficult to

develop unified principles for determining the red boundary of

the horizontal branch and to precisely establish whether stars

belong to this branch. Different diagrams were formulated based

on observations of differing accuracy and, in spite of the fact

that they cannot be used for precise measurements, they are fully

satisfactory for inprecise measurements.

In order to decrease the influence of the subjective factor

to a certain extent, estimates "of the index of relative population"

K of the horizontal branches were carried out several times over

long time periods. The classes of Dickens and the values of

B/(B+R) of Mironov were reduced to our K scale. Finally, the /56

values proposed for K are given in Table 4. An estimate of the

reliability, given in a six-scale systemlis given along with K:

the most reliable estimates are given a weight of 6, and the least
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reliable estimates are given a weight of 1, while those in doubt

are given'a weight of 1/2.

TABLE 4

Cluster K Cluster X Cluster K Cluster K

104 0.81 6 5053 0.13 2 6352 0.78 5 6712 0.60 6
288 0.02 1 5139 0.13 6 6356 0.82 5 6723 0.54 6
362 0.69 5 5272 0.46 6 6362 0.49 4 6752 0.10 6

1261 0.56 4 5466 .0.16 4 6397 0.14 6 6779 0.11 5
1851 0.71 4 5897 0.11 6 6402 0.18 3 6838 0.77 5
2298 0.47 1 5904 0.32 6 6522 0.78 3 6934 0.33 3
2808 0.5? ' 6121 0.43 5 6541 0.13 4 6981 0.42 5
3201 0.48 4 6171 0.70 6 6553 0.86 1 7006 0.60 6
4147 0.25 6 6205 0.05 6 6637 0.80 5 7078 0.22 6
4372 0.22 2 6218 0.09 6 6656 0.11 6 7089 0.12 6
4833 0.07 6 6254 0.12 6 7099 0.13 5
5024 0.14 6 6341 0.10 6 7492 0.18 6

A comparison of the values of [m/H] with our K values led

to the following reduced quantities obtained graphically:

K [m/H] K [nm/H] K [m/H] K [m/H]

0.00 -1.81 0.25 -1.60 0.50 -1.24 0.70 -0.73
0.05 -1.79 0.30 -1.54 0.55 -1.14 0.75 -0.54
0.10 -1.75 0.35 -1.48 0.60 -1.02 0.80 -0.31
0.15 -1.70 0.40 -1.41 0.65 -0.89 0.85 -0.05
0.20 -1.65 0.45 -1.33

JThe mean square error of determining [m/H] of one cluster is \,0.26.

5. Transition periods of stars of the RR Lyrae type

In the development of a theory of the pulsations of variable

stars, using a specific axiomatic procedure, Christy determined

the relationship between the transition period (between oscilla-

tions in the main tone and in the first overtone) Ptr, and

the luminosity of stars of the Lyrae type (R. F. Christy,

1966). This conclusion was repeatedly subjected to criti-

cism, since the luminosity of stars of the RR Lyrae type\
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(as well as other pulsating stars) depends not only on the

factors taken into account by Christy (Albada, T. S. van, et al.,

1973; Rood, R. T., 1973). We distrusted the conclusions of

Christy to a certain extent. However, a random comparison of the

value of the transition period Ptr with our metallicity indices

ME (Kukarkin, B. V., Russevw R. M., 1972) unexpectedly led to

a close interrelationship between them. As is known, the

metallicity indices are derived by methods which are not in any /57

way related with the theory of pulsations, and the fact that a

relationship was found is strong proof of the fact,:that the

formula of. Christy has statistical meaning in every case, although

in individual cases it may lead to luminosity values which

deviate from the true values. We used the values of the transition

periods Ptr after reviewing all of the observations of stars of'thel

RR1 Lyrae type in globular clusters. Only those clusters were

selected in which the number of stars of the RR Lyrae type equaled

or exceeded ten. To a certain extent, this protected us from

a random selection. To determine Ptr, the Christy formula was

used:

Ptr L (p-1 + P / (74)

Not one but two stars were selected to determine the limiting

values of the smallest periods of stars of the RRab type and

the largest periods of the RRc stars. This also decreased the

influence of random selection to a certain extent. Table 5 gives

the values which we usedfor the logarithms of the transition

periodsPtr for different globular clusters. We have not intro-

duced the reliability signs, although it is apparent that the

probability of great accuracy of a transition period on the basis

of selecting from 200 stars exceeds the probability of the same

accuracy on the basis of selecting 10 stars. In addition to this,

after the value of log Ptr Table 5 gives the number of stars of the

hRR- Lyrae type. The values of the periods were usually selected

from the Sawyer catalog (H. B. Sawyer-Hogg, 1973), but always were

checked in the original sources and were changed in certain cases.
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TABLE 5

Cluster IgPtr n Cluster lgPtr n. Cluster IgPtr n

S3201 -0.315 82 5904 . -0.337 90 '6402 -0.316 34

4147 -0.297 16 6121 -0.360 40 6656 -0.228P 17
4590 -0.257 37 6171 -0.362 21 5715 -0.311 31

:5024 -0.275 35- 6229 -0.327 15 '6723 -0.370 27
.5053 -0.231 10 6266 -0.352 74 6934 -0.340: 30

5139 -0.253 125 6333 -0.293 10 '6981 -0.322 27

5272 -0.331 178 ,/6341 -0.242 12 77006 -0.293: 36

5466 -0.260 20 o' 6362 -0.314 14 7078 -0.250 63
7089 -0.305 17

A comparison of the values of [m/H] with the lg Ptr values

from Table 5 resulted in the following formula:

[m//H] -3.71 - 7.52 Ig Ptr
± 0.30 ± 1.00 (75)

The mean square error of determining [m/H] of one cluster

is ± 0.20./

The weighted mean values were calculated on the basis of /58

all the methods described above for determining the content of

metals [m/H]. They are given in Table D at the end of the book.

Just as in other cases, the unit of weight corresponds to the

mean square error +0.10 in [m/H].

/59

7. DIAMETERS OF GLOBULAR CLUSTERS

Three-dimensional structure of globular clusters

The first initial information about globular clusters

included the assumption of the relative, uniformity of their

structure: circular form, central symmetry. However, a more

careful study of the structure of globular clusters showed that

it is complex and not so uniform.
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VIII

XIV

1.0 "C" 1.5 2.0 2.5

Figure_ 4. Weak dependence between "concentration classes" of
Shapley-Sawyer and the characteristic of the real concentration
of stars in the "C" clusters according to King.

Forty years ago H. Shapley, et al., 1927, made the first

attempt to classify globular clusters based on the degree of

concentration of stars in the clusters. It is true that it was

later found that their classification is more correctly related

to luminosity (mass) of the clusters and only in a certain sense

with the real concentration (see, for example, B. V. Kukarkin, 1971).

This was confirmed to a certain extent in a comparison of the

concentration classes of Shapley-Sawyer with a more objective

determination of the "C" concentration (I.R. King, 1974). As may

be seen in Figure 4, there is only a weak correlation between both

quantities.

We shall not discuss earlier studies devoted to the

development of numerical1 methods of determining the three-

dimensional density of stars in the clusters. /60
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A. G. Mowbray, 1946, made an important, "thorough, butj
almost careless study of globular clusters. He introduced a

clear distinction between the nucleus and the overall body of

globular clusters. Mowbray may now be considered as one of the

most important researchers based on his careful processing and

uniformity of the material used. The correlation of his concen-

tration classes with the "C" values of King is much more clearly

apparent than with the classes of Shapley-Sawyer.

The studies of P. N. Kholopov, 1949, 1952, 1953, 1957, 1965,
1968a, 1968b, are very important for understanding the structure

of globular clusters. These studies definitely showed that jtheo

Lclusters represent complex, stratified structures in which a

central nucleus, the main body, and an intermediate zone and

corona may be clearly distinguished. Unfortunately, only a few

clusters were subjected to a careful analysis, and it is diffi-

cult to use these rigorous studies to calibrate the mass measure-

ments of structural characteristics of globular clusters.

Beginning in 1961, King and his co"workers published:

several studies devoted to the theory of the structure of

globular star clusters and performed photometric measurements

and calculations (I. R. King, 1961; 1962; 1966a; 1966b;

I.R. King, et al., 1968; I. R. King, 1974). The important concept

of the limiting cluster radius was introduced, i.e., the radius

beyond whose limits any star cluster will no longer be a member.

Different authors have published recently many studies devoted to

the dynamic development of clusters in the gravitational field

of the galaxy. We would like to recall only one of them (Ostricer,
J. P., et al., 1972).

In writing this book and the catalog of global characteris-

tics, we did not study the problem of the fine structural

characteristics of globular clusters. In the first place,
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P. N. Kholopov had already performed several studies in this

regard. Secondly, I. R. King analyzedjthe stars mentioned above

in the 54 globular clusters. At the beginning of 1974, King

kindly put at my disposal the preliminary results obtained

directly from the computer. However, the 'book was almost ready,

and we could only use a very limited volume of this material. /61

Apparent diameters (radii) of globular clusters

Among the global characteristics of globular clusters, the

diameters are one of the most difficult quantities to determine.

This is due to the complexity of the cluster structure, and the

difficulty of making a simple determination of both the radius

of the nucleus and the limiting radius.

If we do not consider incidental studies which make an

attempt to measure the diameters of globular clusters, the first

systematic studies performed in more or less uniform systems

undoubtedly belong to H. Shapley. They were completed in three

studies encompassing almost all of the globular clusters known

at that time (H. Shapley, et al., 1927b; H. Shapley, 1930;

H. Shapley, et al., 1935). The first two used the method of

visual determination of the diameter based on three series of

points from the Harvard:Observatory. The third study is based

on measurements of the plate background by means of a micro-

photometer (the diameter was assumed to be the region in which

the surface density of the cluster star equaled the background).

In 1941 P. Parenago, B. Kukarin and N. Florya analyzed all

of the data published up to that time on the apparent magnitudes,

color equivalents,and diameters of globular clusters. AI\ clearly

expressed dependence 'was. found I for all of the measured apparent

diameters of globular clusters on the magnitude of interstellar

light absorption. The war st6pped the publication of this work,
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and it came to light only 8 years later (P. Parenago, et al., 1949).

Four years later W. Lohmann, using the ideas in our study and

adding new data appearing after 1941, completely confirmed our

conclusions (W. Lohmann, 1953). It is interesting that neither the

review of H. Sawyer Hogg, 1959 or that of H. Arp, 1965,mentioned

our study, but the problem was discussed in the study of Lohmann,

'and he clearly -referred in detail tojfthe primary source.

The very interesting study of H. Wilkens, 1960 Iinvestigated

the influence of interstellar absorption of light upon the

measurement of apparent diameters of globular clusters. Later

Wilkens studied the problem of globular cluster diameters. His

study is a separate publication, given as an appendix to the

collection "Variable Stars".

At the very beginning of the study, the question arose of

selecting the system in the problem of the diameters of globular

star clusters. Since it was difficult-to wait for the end of

King's study (all the remaining sections of the investigation

were primarily concluded), it was necessary to use some kind of

solution, in order not to delay the publication of this book.

As a result, a compromise solution was used, based on the numerous

previous attempts to develop a uniform and valid system of

diameters. We shall now describe this system. /62

After the work of G. E. Kron and N. U. Mayall, 1960/came

to light, all of the determinations published at that time of the

diameters of globular c~lsters were reduced to their system. In

actuality, electrophotometric measurements reliably record the

increased emission of cluster stars with respect to the emission

of the stellar background. In principle, this makes it possible

to estimate. the extent of the cluster. However, since equality

with the background (by definition, this is the asymptote) is

established in a very unreliable way, Kron and Mayall decided to
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use the value at which 0.9 of the entire light flux of the cluster

in the V system is recorded as the cluster diameter. When the

diameters of globular star clusters, which had been published up

to that time, were reduced, their extreme sensitivity to the

absorption of light in interstellar space was reliably confirmed.

However, it must not be forgotten that the system of diameters

of Kron and Mayall is not free of the influence of light absorption

in interstellar space. In actuality, the distance-up to the

globular clusters usually greatly excee dsthe distance to the stellar

background, and interstellar absorption - particularly in

clusters close to the galactic equator - may greatly exceed

that for the background of the stars. In electrophotometric

measurements in the region of noise in globular clusters, a much

larger portion of the stars will "depart" than from the background

stars. Thus,. it is necessary.to find methods for taking -I

into account the influence of the interstellar absorption of light

in the preliminary system of apparent diameters of globular

clusters.

At the present time a system of diameters measured with stars

of the Lyrae type, which clearly belonged to the cluster, is the

only system of globular cluster diameters in which the interstellar

absorption of light has no influence. The diameters of globular clus-

ters using stars of the RR Lyrae type have already been determined-

(see S. Bergh, van den, 1956; H. Wilkens, 1960).

It'is necessary to select a method of determining the

diameters of globular clusters based on stars of the, RR Lyrae type.

It is apparent that it is impossible to estimate the diameter

based on one very far-removed star of this type, due to the

possible random nature and unreliability of this selection. It

is possible to take the average distance of all stars of the *RR1
Lyrae type from the center of a given cluster. However, there are

clusters which are so dense in their central sections that
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variable stars either cannot be detected there at all, or are only

partially detected. Along with this, there are clusters which are

completely resolved and studied (for example, NGC 5053, 5466,

6121, 6161).

The average distance from the cluster center up to the

farthest third of the total number of stars of the RR 'Lyrae type

in well resolved and studied clusters is used as the radius of

the cluster. For less resolved and studied clusters, this

fraction is increased somewhat, depending upon the extent to which

it has been investigated. There is a certain arbitrary /63

element here, but it.canbe reduced after some practicel

The clusters in which the number of stars of the RR Lyrae

type exceeded nine were selected. Not only stars whose periods were

determined, but also all of the non-studied stars whose amplitudes

and median apparent magnitudes corresponded to stars of the

RR Lyrae type of a given cluster were employed.

.All the diameters and radii of globular clusters in this

book are given in logarithms of minutes of arc(ljd)i .

The following Table 6 gives the logarithms which we deter-

mined for the globular cluster diameters based on variable stars

of the RR Lyrae type.

TABLE 6

NGC IgdRR NGC IgdRR NGC IgdR NGC IgdRR

2419 0.72 5272 1.12 6266 1.17 6715 1.13
3201 1.48 5466 1.03 6333 0.97 6723 0.85
4147 0.57 IC4499 0.93 6341 0.85 6934 0.75
4590 1.04 5824 0.99 6362 1.05 6981 0.70
4833 1.04 6904 1.15 6402 0.95 7006 0,64
5024 1.11 6121 1.32 6426 0.71 7078 1.03
5053 1.11 6171 0.97 6656 1.29 7089 1.15
5139 1.57 6229 0.62 6712 0.62
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With respect to the structura-c haracter jlstics of]

globular clusters, the diameters derived on the basis of stars

of the RR Lyrae type do not pertain to any specific section

(nucleus,/intermediate layer,,corona). These values of the

diameters were used only to take into account the influence of

interstellar light absorption upon the cluster diameters

measured by different methods. The weighted mean values (the

weight was approximately determined from the deviations from

the simple mean value) were obtained from all the diameter

measurements thus corrected.

It was found during the reduction that the cluster diameters.

measured on the basis of star calculations, visual estimates,

and photometric measurements are sensitive not only to inter-

stellar absorption but also to atmospheric extinction. It was

also found that the cluster diameters depend on the content of

metals in the atmospheres of stars in these clusters. This

dependence was less clearly expressed than the previous ones,

but it was nevertheless real. It may be explained by the difference

in the masses of blue stars on the horizontal branch and stars

on the branch of the giants. Therefore, the diameters of clusters

with a highly developed blue section on the horizontal branch may

be much greater in the blue lines than in the red lines, and

the diameters of clusters without a blue section on the horizontal

branch may differ systematically, (B. V. Kukarkin, 1970). Terms /64

proportional to the atmospheric thickness and the metallicity

index MI were included in the reduction formulas (see B. V. Kukarkin

and R. M. Russev, 1972). A system based on the calculations of

stars in 54 globular clusters was used as the system of diameters

in this book (I. R. King, et al., 1968). The diameter corresponding

to the intersection of the density logarithm function with the

density of the background stars was used as the measured diameter

of the cluster. To refine this quantity, the intersections were

determined not only with the density logarithms of 0.0, but also
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0.1 and 0.2 with respect to the background. The difference was

found between these values and the value obtained for the equality

with the background, after which the average of three determinations

was taken and was used as the cluster radius. It was found that

the radii obtained from the calculations of the stars were

extremely sensitive both to interstellar and atmospheric absorption.

A comparison of the diameter system based on stellar calcu-

lations and designated by lg r (KHHW), with our preliminary

system, which was previously described, led to the equation:

Ig d =0.04+ 1.05 Ig (KHHW) + 0.97 E (B-V)+.54z -0. IM,
±0.11-+0.07 ±+0.14 ±0.15 ±0.24 (76)

where z- is the logarithm of the atmospheric thickness and MIH

metallicity index. There is a clear dependence on light absorption

in the interstellar mediumj and the atmosphere. The dependence on

the metallicity index is poorly expressed for the simple reason

that in the calculations of the stars the most informative

material was used, but it was not uniform (photographs with

different large instruments at different emulsions, with differing

exposures, etc.).

As may be seen, it was found that the preliminary system

was not too poor. Taking the fact into account that the proportion-

ality coefficient between the systems (1.05) differs from unity

within the limits of the mean square error, we did not correct

our system.

All of the measurements were again reduced to this preliminary

system, but with allowance for the terms z and MI .

It was foundduring the first steps to formulate a-uniform

system of diameterslthat the visual measurements of the diameters

(for example, the first diameter system of Shapley-Sawyer) were not
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too poor, and, in terms of similarity with other determinations,
sometimes even exceeded them in terms of accuracy. In this

connection, and also due to the small amount of material for

measuring diameters, and the absence of measurements for many

globular clusters, particularly those discovered recently, the

decision was made to make visual measurements in all the photo-

graphs and atlases available in the USSR.

The following sources were used: /65

KFA Franklin-Adams Charts, London; 1914-1935.

The diameters were determined only on maps of the

first two volumes of the atlas (from the southern pole

to +150 of the cluster).

KPA National Geographical Society and Palomar Observatory

Sky Survey, 1954 - 1966.

The determinations were only made in order to select

a method for obtaining only the mean value of

measurements on maps obtained with the 0 and E

emulsions. It was found that these measurements were

comparable with other series in terms of accuracy.

KPAE In the same atlas, the diameters were measured

separately on maps obtained from photographs with the

E emulsion.

KPAO In the same atlas the diameters were measured separately

on maps obtained from photographs with the 0 emulsion.

KLA Lick Observatory Sky Atlas, 1967.

KVA2 Vehrenberg, H., Atlas Stellarum, DUsseldorf, 1968-1970.

In this atlas the measurements were only performed

for reproduced plates obtained in the southern hemisphere.

KA Measurements were made on numerous plates in the blue

lines obtained between 1959 and 1973 at the southern sta-

tion of the State Astronomical Institute in the Crimea

by means of the Zeiss astrograph (400/1600 mm).
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All of these measurements were reduced to the system which

we sealected. To save space, the reduction formulas were not

given. Table 7 gives all of the measurements performed by means

of the reduction formulas of the (76) type to our system. The

corresponding columns at the end of the table give the mean

square errors of measuring the diameter of one cluster.

All of the measurements of globular cluster diameters, which

had already been published or were kindly given to me, were also

reduced to our system. Brief information is also given on each

of the measurement series and the reduction formulas are presented.

1. First measurements of H. Shapley and H. B. Sawyer, 1927b;

H. Shapley, 1930 (SSl)

The visual measurements of globular cluster diameters in

three different series of Harvard photographs of the sky as a

whole form a rather uniform system. This is related with our

system by the following formula:

lg d 0.59 + 0.65 (SS1) + 0.56 E (B-V) -0.14 IM
±0.04 0.03 -0.05 ± +0.08 (77)

The mean square error of measuring one cluster is ±0.08.

2. Microphotometric measurements of Shapley and Sayer,

(H. Shapley and A. R. Sayer, 1935). (SS2).

It is probable that the microphotometric measurements of

the transverse sections of several globular clusters on different

photographs of the Harvard collection were the first attempts at

an instrument determination of the diameters. However, this /68

attempt at accuracy was not successful. The diameter system

of Shapley-Sawyer was related with our system by the following
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TABLE 7. DIAMETER MEASUREMENTS

NGC KFA KPA KPAE KPAO KLA KVA2 KA

104 1.49 - - - 1.52 -
288 1.12 1.26 1.18 1.18 1.03 0.96 -
362 1.14 - - - 0.19 -

1261 0.83 - - - 0.91 -
Pal - 0.32 0.22 0.27 -
Pal 2 0.38 0.52 0.33 -

1851 1.06 - 111 - - 0.98 -
1904 0.92 0.88 0.98 0.95 0.91 0.92 . -
2298 0.97 - 0.77 - - 0.84
2419 - 0.59 0.57 0.58 0.62 - -
2808 1.15 - - - 0.80 1.27 -

Pal 3 - 0.54 0.40 0.48 - -
3201 1.26 - - - 1.2 -

Pat 4 - 0.33 0.40 0.35 - -
4147 0.63 0.56 0.65 0.65 0.65 -
4372 1.31 - - - - 1.31 -
4590 0.98 1.08 1.07 1.15 J.09 1.04 -
4833 1.20 - - - - 1.32 -
5024 1.16 1.14 1.15 1.13 1.02 - 1.11
5053 1.13 1.00 1.06 1.06 1.02 - 1.05
5139 1.61 -
5272 - 1.26 1.2B 1.23 1.17 - 1.16
5286 1.05 - - 1.08 -
5466 - 1.04 1.08 1.09 0.96 - 1.04
5634 0.58 0.76 0.68 0.73 0.66 0.70 0.73
5694 0.58 0.65 0.58 0.58 0.64 -

Ic 4499 0.93 - - - - 0.82
5824 0.79 0.74 0.79 0.79 0.87 0.87

Pal 5 - 0.92 0.81 0.83 - -
5897 1.13 1.12 1.06 1.11 1.14 1.15 1.20
5904 1.16 1.30 1.29 1.24 1.28 - 1.24
5927 1.19 - - - - 1.19 -
5946 0.85 - 1.06
5986 1.03 - 1.11 0.98 0.99

1609+15 - 0.47 0.34 0.27 - - -
6093 1.03 0.96 0.99 0.99 1.04 0.02 0.97
6101 1.08 - - - - 1.09 -
6121 1.42 1.54 1.44 1.48 1.42 1.34 1.57
6139 0.77 - 0.91 - - 0.93 -
6144 0.09 1.06 0.95 0.94 0.84 0.95 0.95
6171 1.08 1.12 0.98 1.00 0.94 - 1.00
6205 - 1.21 1.21 1.22 1.18 - 1.20
6218 .23 1.21 1.20 1.18 1.19 - 1.09
6229 - 0.73 0.64 0.68 0.74 - 0.62
6235 0.71 0.73 0.69 0.61 0.72 0.82 0.75
6254 1.27 1.27 1.20 1.22 1.24 - 1.10
6266 1.20 1.22 1.35 1.28 1.31 1.22 1.00
6273 1.14 1.20 1.34 1.23 1.21 1.17 1.14
6284 0.83 0.76 0.79 0.80 0.81 0.89 0.83
6287 0.70 0.75 0.76 0.80 0.77 0.81 0.91
6293 1.09 0.94 0.97 0.95 1.00 0.97 0.93
6304 0.93 0.88 0.86 0.86 0.95 1.04 0.96
6316 0.72 0.80 0.84 0.74 0.77 0.86 0.85
6325 0.76 0.86 0.78 0.80 0.71 0.71 0.74
6333 1.11 1.00 1.01 , 1.03 1.07 1.13 1.04
6341 - 1.06 1.03 .1.06 1.16 - 1.08
6342 0.63 0.52 0.56 0.47 0.43 0.72 0.65
6352 0.90 - - - - 0.89 -
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TABLE 7 (.CONTINUED): DIAMETER MEASUREMENTS

NGC KFA KPA KPAE KPAO KLA KVA2 KA

6355 0.91 0.92 0.77 0.76 0.79 - 0.32
6356 0.90 0.82 0.85 0.87 0.83 0.93 0135

Tr 2 - - 0.37 0.30 - -
6362 1.10 - - - 1.17
6366 0.89 1.06 1.06 1.07 1.02 -

Tri 4 - - 0.26 - - -
HP I - - 0.66 0.67 - -

6360 - - 0.76 - - 0.56 -
6388 1.06 - 0.97 - 1.00 -

Trz I - - 0.84 - - -
Ton 2 - 0.63 - -

6397 1.51 - - - - 1.36
6401 0.84 0.98 0.92 0.85 0.70 0.92 0.82
6402 1.19 1.14 1.12 1.17 1.20 1.11

Pal 6 - 1.28 1.06 1.24 - -
6426 0.53 0.47 0.51 0.52 0.60 0.65

Trz 5 - - 0.87:
6440 0.91 0.96 0.85 0.96 0.94 .0.97 1.00
6441 0.98 - 1.07 - 0.97 0.95 -

Trz 6 - - 0.25 - ..
6453 0.70 - 0.67 - 0.84 0.39
6495 0.84 - 0.80 - - -
6517 0.79 0.80 0.80 0.81 0.73 - 0.91
6522 0.92 0.78 0.86 0.85 0.93 0.96 -
6528 0.68 0.67 0.72 0.70 0.84 0.69 -
6535 0.66 0.51 0.59 0.64 0.47 - 0.82
6539 1.04 1.04 0.95 0.96 0.97 - 1.01
6541 1.18 - 1.12 - 1.17 -
6544 1. 16 1.05 1.08 1.06 1.11 1.05 -
6553 0.92 1.09 1.07 1.18 0.97 0.93
6558 0.65 0.60 0.61 0.65 0.71 0.67 -

IC 1276 - 0.97 0.95 0.95 - -
6569 0.83 0.81 0.90 0.84 0.83 0.78 -
6584 0.8 - - - 0.94 -
6624 0.86 0.79 0.80 0.82 0.87 0.82 -
6626 1.13 1.13 1./11 1.16 1.13 1.16 1.01
6637 0.98 0.84 0.85 0.87 0.90 0.87 -
6638 0.03 0.77 0.73 0.79 0.81 0.75 0.75
6642 0.91 0.72 0.65 0.70 0.75 0.75 0.65
6652 0.65 - 0.60 - 0.67 0.71 -
6656 1.55 1.50 1.44 1.42 1.54 1.46 1.51

Pal 8 - 0.66 0.68 0.69 - 0.73 -
6691 0.86 0.95 0.91 0.95 0.89 0.87 -
6712 0.99 0.89 0.95 0.96 0.94 0.82
6715 1.09 0.94 0.98 0.99 0.96 0.91 -
6717 - 0.61 0.62 0.69 - -
6723 1.06 - 1.06 - 0.97 1.06 -
6749 - 0.93 0.91 1.03 - -
6752 1.26 - - - - 1.32
6760 1.13 0.93 0.96 0.99 0.98 - 0.97
6779 - 10.82 0.91 0.89 0.97 - 0.84

Pal 10 - 0.62 0.62 0.65 - -
197-30 - 0.70 0.63 0.53 -

6809 1.32 1.28 1.33 1.28 1.30 1.18
Pal 11 - 0.64 0.54 0.52 - -

6838 0.96 0.86 0.91 0.83 0.97 - 0.91
6864 0.81 0.75 0.81 0.81 0.75 0.89 -
6934 0.88 0.74 0.75 0.76 0.74 - 0.78
6981 0.76 0.66 0.72 0.73 0.81 - 0.87
7006 0.48 0.37 0.46 0.46 0.59 - 0.45
7078 1.02 1.05 1.11 1.09 1.18 - 1. 11
7089 1.10 1.05 1.10 1.10 1.14 - 1.08
7099 0.99 1.02 1.06 1.05 1.06 1.00 1.09

Pal 12 - 0.38 0.41 0.53 - - -
Pal 13 - 0.30 0.28 0.22 -

7492 0.92 0.73 0.78 0.78 0.74 0.96
S ±0.07 ±0.06 ±0.05 ±0.04 ±0.07 ±0.08 ±0.08
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relationship:

lgD - 0.09 + 0.84(SS2) + 0.27 E (B-V) -0.06 IM (78)
±0.07 t 0.04 * 0.09 + 0.11

The mean square error of measuring one cluster is -0.09.\

As may be seen from the coefficients in Formula (78), the

microphotometric method of measuring diameters is less sensitive

to the absorption of light than visual measurements, particularly

less sensitive than calculations of stars.

3. Photometric measurements of diameters by Mowbray in the

blue and red lines (A. G. Mowbray, 1946) (MB,MR).

Out of all the globular cluster diameter measurements which

we used\ the measurements of Mowbray are the most accurate. This

may probably be explained by the rigorous selection of uniform

observational material. The diameters of Mowbray are related

with our system by the following equations:

Ig d = 0.15 + 0.83(MB)+ 0.67E(B-V)+0.37z-0.141M
± 0.04 ± 0.03 ± 0.04 ± 0.04 ± 0.06 (79)

Ig d - 0,41+ 0.73 (MR)+ 0.45 E (B-V)+ 0.23z - 0.20 IM
-0.04± 0.02 ± 0.06 ±0.05 1 0.09 (80)

The mean square errors of measuring one cluster are ±0O.05( and i±.035,

respectively.

A study of the coefficients is very instructive in the case

of the sequential terms of Equations (79) and (80). First of all,

it is apparent that the ,'red" diameters are longer than the

"blue" diameters (ratio of the coefficients 1.1). This may

probably be explained by the fact that in the red photographs

the- integral effect of the weak red dwarfs of the main-sequence,

whose masses are small and whose sub-system I is-1more extended,

becomes apparent. It is natural that the interstellar absorption
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of light has much greater influence upon the "blue" diameters

than upon the "red" diameters (ratio of the coefficients is 1.5).

Naturally, atmospheric extinction has a greater influence upon

the "blue" diameters than upon the "red" diameters (ratio of the

coefficients is 1.6). In the case of the metallicity index, the

coefficient: for the "blue" diameters is less than for the "red"

diameters. This also has a natural explanation, if it is assumed

that the masses of the blue stars of the horizontal branch are

less than the masses of the red stars on the branch of the sub-

giants with luminosities which are most effective in this range

of absolute stellar magnitudes.

4. Visual measurements of new globular clusters of G. O. Abell,

1955 (Pal)

] It was at first difficult to obtain a reduction formula for

the Abell measurements, since it is impossible to compare his

measurements with others. However, after the reduction of our /69

measurements (see Table 7) this was done:

Ig d , 0.07 + 0.71 (Pal) + 0.46 E (B-V) + 0.52 z (81)
± 0.05 ± 0.08 ± 0.04 , 0.23

The mean square error of measuring the diameter of one cluster

is ±0.06. i

5. Photometric measurements of the diameters of Kron and Mayall

(G. E. Kron and N. U. Mayall 1960) (KM)

The cluster diameter for which the luminosity was 0.9 of the

entire flux in the V photometric system was used as the diameter

of Kron and Mayall. The Kron and Mayall system of diameters

was related with our system by the following equation:

Ig d = 0.32 + 0.84.(KM) - 0.05 E (B-V) + 0.19z - 0.28 I
±0.09 ± 0.07 ± 0.08 ± 0.10 ±0.14
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The mean square error of measuring the diameter of one cluster

is 0.11.)

As-may-be' seen''from the coefficients, the Kron-Mayall

system of diameters was less sensitive both to interstellar and

atmospheric absorption, but it was very sensitive to the

metallicity of the clusters. This may probably be explained by

the fact that the equipment used was more sensitive to the blue

region of the spectrum and the diameters of the clusters with

heavily populated blue ends of the horizontal branches were

systematically larger due to the relatively small masses of the

stars.

6. Diameters based on the determinations of Kinman and Rosino

(T. D. Kinman and L. Rosino, 1962) (KR).

Kinman and Rosino calculated the stars in seven poorly

studied globular clusters and published the corresponding tables.

The weighted average for the densities of 0.2 and 0.1 (weights

of 2 and 1, respectively) was used as the diameter. The small

number of clusters measured made the reduction formula very

unreliable, which is confirmed by the great errors of the

coefficients:
1% d - 0.18 + 0.68 (KR) + 0,25 E (B-V) + 0.53z

±0.11 ± 0.12 ± 0.23 ± 0.64 (83)

The mean square error of measuring the diameter of one cluster

is -0.10.

7. Determination of the diameters based on the calculations of

stars (I. R. King, E. Hedemann, S. M. Hodge, R. F. White,

1968) (KHHW).

The system of the authors enumerated in the heading was used

for formulating our system. Nevertheless, after calculating /70
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the weighted averages of all the determinations, we obtained aj

reduction formula which was very similar to Formula (76). The

mean square error of determining the diameter-6f one cluster

was ±0.14.1 Thus, the diameters determined from the calculations

of the stars were found to be least accurate. The reason for this

can apparently be found in the very great sensitivity of these

determinations to interstellar and atmospheric absorption. It is

also very probable that the estimate of the diameter depends on the

richness of the stellar background. Allowance for this effect

requires the development of a special method, and we simply did not

have the time to solve this problem.

6. Diameters based on stars of the RR Lyrae type.

Just as in the preceding case, the diameters for stars of

the RR Lyrae type were used to formulate our system of globular

cluster diameters. Nevertheless, it is interesting to compare

the diameter system with the weighted average values obtained

from all the determinations. In actuality, as a result of reduc-

ing and averaging individual determinations jhaving random

and systematic errors which were not taken into account, it was

possible to accumulate deviations acting in one direction.

Therefore, the values on Table 6 were again compared with the

weighted average values of the diameters obtained from all the

determinations described above. It was found that the effect of

interstellar reddening did not equal zero, which may probably be

explained by a certain overestimation of this factor in the

reduction formulas. All of the apparent diameters were reduced

according to the formula

Igdo =1gd.-0.,18E(B-V)
o.10 (84)

77



9. Diameters based on electronographic observations of G. E. Kron,

1973 (Kr)

Kron kindly put at our disposal his electronographic measure-

ments of diameters and integral stellar magnitudes of 14 globular

star clusters. He measured diameters corresponding to 0.1, 0.5

and 0.9 of the entire .flux of the cluster emission .. We_.oonmpared

the diameters corresponding to 0.9 with the diameters in our

system. They are related by the formula (obtained graphically):

Ig d = 0.02 + 1.365 Ig d (Kr 0.9)

The mean square error of measuring the diameter of one cluster

is ±0.12.

10. Diameters of H. Wilkens, 1970.

Since the diameter system of Wilkens is based on the micro-

photometric measurements of Shapley and Sawyer (H. Shapley, et al.,

1935) and on the diameters for stars of the RR Lyrae type, we

cannot assume that his system is independent of ours. Both of

these series of measurements were used in our system. Therefore,

the diameters of Wilkens were not used. /71

As was noted previously, the very valuable studies of

I. R. King, 1974, were obtained so late that they could make no

substantial contribution to the development jof our system of

globular cluster diameters. We believe that our system must be

similar (or proportional) to the system of limiting radii of

King. To verify this, we graphically compared our final diameters

with the logarithms of the limiting radii of King. As may be

seen (see Figure 5) both systems have a linear inter-relationship.
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The following equation was obtained graphically:

Ig (RT) -0.28 +:0.94 1g do, (86)

Thus, the rich material from our determinations of globular

cluster diameters can be used in the King system of limiting

radii.

o o1.5 -
0/

0.5 -o / /

05 1.0 1.5 1 (R-0

Figure 5. Dependence between the logarithms of apparent diameters
of globular clusters in our system and the limiting radii of King

lg(jRT).

Certain formulas for reducing diameters to a uniform system /72

include the value of MI. This may be explained by the fact that

the formulas were calculated before the new calibration of the metal

content, which was performed comparatively recently. The follow-

ing relationship holds between the values Em/HI and MI\ (B. V.

Kukarkin, 1973).

[m/H] = 4.4IM - 2.88 IM> 0.45
(m/H]= 6.4 IM - 3.77 IM 0.45 86a)

79



The values which we derived for the diameters of globular

clusters are given in Table E. They are expressed in logarithms

of minute of arc. Just as in the preceding cases, a unit of

weight corresponds to the mean square error of ±0.10. /73

8. MODULI OF GLOBULAR CLUSTER DISTANCES

The determination of the moduli of globular cluster distancesl

just like the measurement of their diameters,lwere plced.dn_theJ1

solid ground of facts after the classical work of H. Shapley.

We shall not discuss the history of this problem, since it is

very well covered in the monograph of Shapley himself (H. Shapley,

1930), and several other studies.

For the almost 30 years since Shapley, the basic method of

determining the apparent moduli of globular cluster distances

has been the variable stars of the RR Lyrae type. This was

particularly convenient, since Shapley had given them an absolute

median magnitude of 0.00. Thus, it was sufficient to determine

the apparent magnitude of stars of the RR Lyrae type in a given

globular cluster. Their apparent magnitude corresponded to the

apparent modulus of the distance.

However, after the "catastrophe" with the zero-point of the

"period-luminosity" dependence of the classical cepheids, which

was followed in 1952 in connection with the significant studies

of W. Baade, 1954, there was a more careful study of the problem

of the absolute magnitudes of stars of the RR Lyrae type.

E. D. Pavlovskaya first showed that these stars are weaker

than was assumed. In addition, he was the first to point to

significant dispersion of the absolute magnitudes of stars of

the RR Lyrae type (E. D. Pavlovskaya, 1953). From that time on,

the problem of the absolute magnitudes of stars of the RR Lyrae type
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became the subject of numerous studies, devoted to determinations

of the eigen movements and radial velocities, as well as to pure

theoretical determinations. Our problem will not include them.

We would only like to note that there is no doubt that the

absolute magnitude of stars of the RR Lyrae type in globular

clusters is between +0m5 to +1r 2 and that the dispersion of the

absolute magnitudes of even a given cluster is real, without

even considering the dispersion during the transition from one

cluster to another (we are not referring to the problem of the

dwarf cepheids and other pulsating stars which have still not

been discovered in the globular clusters).

A quarter of a century ago, S. A. Zhevakin began studies

which placed solid ground under the theory of stellar pulsation

and gave an impetus to modeling of pulsating stars (S. A. Zhevakin,

1947, 1952, 1963, 1970).

Later Christy developed the ideas of Zhevakin, constructed

a model and developed certain theoretical premises (R. F. Christy,

1962; 1964; 1966; 1970). Other important studies were published

on the pulsation theory, but our problem will not include their

analysis.

One of the promising relationships following from the studies

of Christy was the dependence between the luminosity of stars of

the RR Lyrae type and the so-called transition period Ptr (see

page 6o . We assume this dependence has the following formula:

-0.58 - 4.46 Ptr (87) 7

Only after many hesitations and teosts did we use the absolute

magnitudes calculated according to this formula as the -basis for

calibrating a system of absolute magnitudes of other stars, the

sequences and points on the color-luminosity diagrams of globular
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clusters. Information in this regard is given on pages'58-61.1

We would only like to add that numerous studies of recent years

absolutely indicate the necessity of a certain small additional

attenuation of luminosity of stars of the RR Lyrae type in

globular clusters. These studies also substantiate the considerable

dispersion of their values both within each cluster and, in

particular, in the transition from one cluster to another.

Equation (87) fully satisfies both of these patterns.

After discovering a clearly expressed dependence of the

absolute magnitudes of stars of the RR Lyrae type, calculated from

Formula (87), on the content of metals Em/H] and the integral

spectrum Sp (see Table D at the end of the book), we obtained the

preliminary average values of all three determinations. After

this, we again solved the equations relating the quantities

Em/H] and Sp with the absolute magnitudes of stars of the RR Lyrae

type. As a result, the following formulas were obtained for

calculating the absolute magnitudes of stars of the RR Lyrae type:

MR = 1.32 + 0.38 [m /H] (88)
±0.02 ± 0.01

M = 0.425 + 0.60 (Sp- FO.0) (89)
+0.027 t 0.04

These formulas were used to obtain new numerical values of

the absolute magnitudes of stars of the RR Lyrae type in the V

system, and these values were again averaged with the values ob-

tained directly from Formula (87). Thus, weights were used

which were calculated based on the deviations from the overall

average and with allowance for the reliability of determining

Ptr' [m/H] and Sp.

Table 8 gives the absolute magnitudes of stars of the RR Lyrae

type which we used (and, consequently, absolute magnitudes of the

horizontal branches of those clusters for which such calculations
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were possible).

The unit of weight formally corresponds to the mean square

error of +0.10, but the real error of the absolute magnitude is

much greater.

TABLE 8 /75

NGC M Wt NGC MRR Wt NGC M Wt

104 1.14 8 6121 0.90 8 IC 1276 0.5q 2
288 0.80 4 6139 1.03 5 6553 1.24 R
362 0.93 8 6171 i,01 10 6569 1.02 2

1261 0.86 4 6205 0.74 14 6584 1.00 5
1851 0.91 5 6218 0.75 8 6624 1.21 4
1904 0.75 7 6229 0.84 9 6626 0.94 9
2298 0.79 5 6254 0.78 12 6637 1.27 10
2419 0.72 6 6266 0.94 10 6638 1.08 5
2808 0.81 6 6273 0.83 13 6642 1.00 5
3201 0.84 8 6284 0.86 6 6652 1.09 5

Pal 4 0.88 1 6293 0.67 6 6655 0.65 13
4147 0.72 9 6304 1.33 6 6681 0.84 7
4372 0.69 4 6316 0.99 2 6712 0.98 10
4590 0.58 7 6333 0.65 7 6715 0.85 8
4833 0.62 4 6341 0.56 17 6723 1.04 8
5024 0.66 16 6352 1.24 4 6752 0.75 7
5053 0.58 6 6356 1.24 14 676n 1.06 4
5139 0.70 11 6362 0.91 6 6779 0.66 12
5272 0.82 17 6388 1.23 6 6809 0.68 7
5466 0.63 6 6397 0.75 7 6838 1.16 11
5634 0.75 3 6402 0.88 12 6864 0.88 10
5694 0.69 4 0426 0.69 3 6934 0.80 8
5824 0.61 6 6440 1.26 7 6981 0.84 7

Pal 5 0.9-: 2 6441 1.25 6 7006 0.73 11
5897 0.58 6 6522 0.98 8 7078 0.57 19
5904 0.83 17 6528 1.30 5 7089 0.68 17
5927 1.29 6 6535 0.89 1 7099 0.58 11
5946 0.73 2 6539 1.30 Pal 13 0.85 1
5986 0.81 8 6541 0.72 6 7492 0.82 2
6093 0.78 8 6544 0.97 2
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/76
1. Determination of apparent modulii of distances based on

stars of the RR Lyrae type and the horizontal branch

In 1974 we had at our disposal 78 color-luminosity diagrams

of 47 globular clusters. We are referring only to those diameters

which were formulated either directly in the U,B,V,I photometric

systems or in other systems which could be more readily reduced.

Several diagrams were placed at our disposal during the study.

Table 8 gives a fairly reliable absolute value of V of i

stars of the RR Lyrae type (which corresponds to the horizontal

branch) for all 47 globular clusters. Table 3 gives the magnitudes

of stars on the horizontal branch (HB) also in the :V systeml

measured according to the color-luminosity diagrams. Variable

stars of the RR Lyrae type in the 47 globular clusters were

studied to a certain extent. In some of the clusters, their

apparent magnitudes were determined directly in the B and V

systems. For the majority of the clusters, only the photographic

values in the-old international system are known. When there

were color-luminosity diagrams in the B,V systems for such clusters,

using the comparison stars it was usually easy to change from the

published values to values in the, B system. In the remaining

cases (not reduced directly), reduction to the B system was per-

formed according to the formula:

B- m 9 +OlO, (mpg< 14?0); (90)
B mps +0.ml(m - 14.0)+:0,1, (mp,> 14.0)

The value of [+0.26+E(B-V)]/was subtracted from the median value of B

thus obtained, where +0.26 was assumed to be the true mean value

(B-V) for stars of the RR Lyrae type (i.e., free from interstellar

absorption).. Table 9 gives the median values V of stars of the

RR Lyrae type. In those cases, when the magnitude was obtained

from Formulas (90), it is given in parentheses in Table 9. The
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fact must be kept in mind that median values are given in

Table 9. This was done intentionally, since there is no possi-

bility of calculating the average values of V based on intensity

for several clusters. The weight of the median apparent magnitudes

was calculated based on the deviations from the average values

in such a way that the unit of weight corresponded to the mean

square error of ±0.10.

Combining the apparent magnitudes of stars on the horizontal

branch from Table 3 and the apparent magnitudes of stars of the

RR Lyrae type from Table 9 with the absolute magnitudes i

from Table 8, we obtain the preliminary values of the distance

moduli ModR H Mod"o . These moduli:.values were used to calibrate

all of the remaining methods of determining the globular cluster

distances. / 77

TABLE 9

NGC rV Wt NGC m Wt NGC mV  Wt

362 (15.51) 0.7 Pal 5 17.35 1.1 IC1276 (18.57) 0.6
1261 16.60 1.6 5897 16.23 2.2 6558 (16.71) 0.6
1904 (16.31) 0.4 5904 15.02 9.5 6626 (15.83) 0.6
2419 (19,61) 1.3 5986 (16.43) 0.3 6656 (13.89) 1.0
2808 16.86 0.5 6093 (15.82) 0.3 6712 16.18 3.0
3201 14.80 4.6 6121 13.29 3.2 6715 (17.10) 1.8
4147 16.80 2.0 6171 15.60 4.5 6723 15.53 4.7
4590 (15.80) 1.5 6205 14.72 2.0 6934 16.93 2.7
4833 (15.33) 0.7 6229 (17.65) 1.0 6981 16.94 5.1
5024 16.88 5.9 6266 (16.32) 2.2. 7006 18.81 6.0
5053 16.24 1.6 6333 (16.15) 0.8 7078 15.83 8.3
5139 14.51 11.4 6341 15.11 3.5 7089 15.97 4.1
5272 15.59 13.7 6362 (14.72) 0.9 7099 15.11 1.7
5466 16.58 4.5 6402 17.31 1.5 Pal 13 17.70 2.0
5634 (16.98) 0.6 6426 (17.72) 0.8 7492 17.08 1.7
5824 (17.72) 1.2 6522 (16.40) 0.3

I AL PAGE I8
OF POOR QUALIY
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2. Determination of apparent distance moduli based on 5 and

25 of the brightest stars in globular clusters

For a long time the old method of Shapley has been disregarded.

This method is based on estimates of stellar magnitudes of 25

of the brightest stars in the globular clusters. An attempt was

made to reestablish this method by H. Arp, 1965. In a recent

study (B. V. Kukarkin and R. M. Russev, 1972), it was shown that

this method leads to very encouraging results when there is a more

rigorous selection of the cluster stars. All of the magnitudes

published in the study just mentioned were carefully compiled anad

corrected. A short time after this investigation was completed,

many studies were published or placed at our disposal which made it

possible to expand and refine the preliminary data.

For our purposes of using the bright stars in determining the

apparent distance moduli, we selected only stars on the branch of

the giants-sub'giants. The cepheids and other possible members

of the clusters (see, for example R. J. Zinn, et al., 1972) were

naturally excluded from the examination.

The brightest stars on the branch of the giants in the

color-luminosity diagramiare located on its uppermost right end.

This portion of the branch is almost parallel to the abscissa axis.

Thus, these stars are particularly suitable for determining the

distance moduli. In the case of 25'stars, the situation is some-

what more complex, since these stars are located on the steeper /78

section of the branch of the giants changing into the branch of

the sub-giants. Disregarding stars in the dense sections of the

clusters may lead to the result that the average of the apparent

magnitudes of 25 bright starsn is less than the true value. It is

true that the average based on fivejl of the brightest stars is not

guaranteed to escape this effect.
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Studies of limited value, which were recently performed

(Z. I. Kadla, 1971; Z. I. Kadla, S. Spasova, 1972),make it

possible to not only qualitatively examine this problem. Using

instruments with a large focal distance, 'Z. Kadla was able to

measure photometrically stars in the dense central sections

of several of the clusters which have been well studied. It

is particularly important that Kadla determined the eigen move-

ments of these stars;l this made it possible to distinguish the

stars on the background with great reliability. We shall not

further discuss the promising conclusions of Kadla and Spasova

regarding the structural characteristics of the brightest stars

(strong concentration toward the center!) which are very important

for solving the problem of the relative masses of globular star

clusters pertaining to different sequences on the color-luminosity

diagrams. We shall simply compare their results and our determina-

tions of the magnitudes of five of the brightest stars.

NGC 5272 5904 6205 6341
Kadla and Spasova 12.41 11.81 12.03 11.94
Kukerkin 12.64 12.29 12.03 12.12
C (King, 1974) 1.90 1.78 1.55 1.78
MV -8.4 -8.3 -8.2 -7.9

Identical material was probably used in the case of NGC 6205.

In the three remaining cases, we could not take into account the

stars in the central regions. Apparently, the brightest stars

of the massive clusters are actually located in the most central

regions. Naturally taking them into consideration unavoidably

leads to distort-ion of the V5 , V25, B5, B25 magnitudes. However,

the concentration of stars and a great amount of stars in the

clusters is closely related with the masses, and consequently with

the integral luminosities (absolute magnitudes) of the clusters.

Thus the "non-solvability" of the central cluster regions (and

consequently the systematic error in the V5, V25, B5, B25 magnitudes)

will increase with an increase in 'M . This magnitude is included
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TABLE 10

NGC VS V25 B5 B25 NGC VS V25 B5 B25

104 11.52 11.92 13.03 13.38 6341 12.12 12.52 13.44 13.87
362 12.568 13.14 14.32 14.84 6352 13.06 13.77 14.93 15.42

1261 13.60 14.44 15.04 15.66 6356 15.01 15.29 17.00 17.27
Pal 2 17.5: - 19.7: - 6362 12.065 13,21 14.24 14.63

1851 13.31 13.88 15.02 15.29 6397 10.18 10.96 11.65 12.16
2298 13.68 14.58 14.98 15.63 6402 14.39 14.88 18.57 16.76
2808 13.20 13.62 15.03 15.34 6522 13.64 14.68 15.54 16.37
3201 11.96 12.73 13.50 14.07 6528 15.05 -- 17.28 -

Pal 4 17.78 18.91 19.26 19.93 6541 12.30 12.90 13.81 14.10
4147 14.85 15.75 15.94 16.07 6637 13.07 13.54 15.18 15,52
4372 12.25 13.04 14.01 14.54 6658 10.96 11.59 12.94 13.23
4833 12.41 12.91 14.10 14.41 6712 13.55 14.42 15.45 16.06
5024 13.90 14.54 15.38 156.73 6723 13.10 13.85 14.70 15.14
5053 13.94 14.91 15.12 15.82 6752 10,98 11.72 12.49 12.90
5139 11.52 11.78 12.98 13.23 6779 13.24 14,19 14.81 15.34
5272 12.64 13.27 14.20 14.55 6838 12.40 13.24 14.24 14.74
5466 13.69 "'14.39 14.98 15.45 6934 14.16 15.01 15.57 16.20
5897 13.42 14.28 14.97 15.48 6981 14.53 15.12 15.75 16.21
5904 12.29 12.82 13.75 14. 11 7006 15.89 16.60 17.41 17.84
6121 19.93 11.67 12.75 13.11 7078 12.83 13.52 14.06 14.56
6171 13.22 13.85 15.11 15.46 7089 13.26 13.78 14.58 14.89
6205 12.03 12.48 13.45 13.79 7099 12.45 13.35 13.73 14.31
6218 12.25 13.20 13.70 14.38 7492 14.81 15.74 16.19 16.74
6254 11.96 12.71 13.63 14.14

in an equation such as (91). Thus, the coefficients for the

term MCl in equations (92-95) will significantly compensate for

the error arising due to not taking into account (or partially

taking into account) stars in the central regions of the globular

clusters. The distance moduli obtained from these formulas

closely coincide with independent determinations, which serve

as the best confirmation of our statements. / 79

Unfortunately Kadla and Spasova did not publish the (B-V)

magnitudes of the bright stars in the central regions of the

clusters which they studied. Therefore, we cannot establish the

position of these stars on the color-luminosity diagram. We
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hope that they will continue to study the giants in the clockwise

direction. If they form a special family of objects, this will be

no less interesting.

Table 10 gives the V5, V25, B5 and B25 values which we used

for 49 globular clusters (they are very exact for two clusters).

It is extremely difficult to determine the errors in these

quantities, since, contrary to custom, we did not take any weights,

and we assume that they are approximately of equal value, excluding

two cases noted with a colon.

Taking the fact into account that all the bright stars have

low temperatures and -TiO absorption bands are formed in their

atmospheres, which are particularly numerous in the V photometric

system and less numerous in the B system, it may be assumed that

the moduli determined from the values of B5 and B25 will be more

precise than the moduli determined from the values V5 and V25. /80

With an increase in the content of metals in stellar atmospheres,

the bolometric corrections will rapidly increase, and along with

that the B-V values will increase. Due to this, the branch of the

giants will become more and more sloping (there are other reasons

for this phenomenon, related to the internal structure of these

stars). Therefore, it is necessary to introduce a term into the

reduction equations which depends on the content of metals [m/H].

In addition, it is apparent that the more stars there are in a

cluster, the brighter will be the stars in a cluster of high

luminosity, due to the greater population of the branch of the

giants. Consequently, it is necessary to include a term in the

reduction formulas which is proportional to the richness of the

luminosity function. A good substitute for such a quantity' may

be the absolute magnitude of globular clusters. This method was

put into practice (B. V. Kukajkin, R. M. Russev, 1972) and gave

very good results. Just as in the study mentioned, equations of

89



the following form were formulated

Mod p = V5+a+b[m/Hl]+cM!) (91)

and solved by the method of least squares. As a result, the

following four formulas were obtained:

ModV P v5+0.03-0.52 [F/Hl -0.15 M (92)
±0.20 ± 0.06 +0.03

Mod V = V25- 1.45- 0.33 [m /H] -0.30 MCipp 0.28 + 0.09 0.04 (93)
Mod" B - 1.35-0.77 Em/H] -0.12 Mc'IP - 0.11 ±0.04 - 0.02 (94)

ModB B25- 2.24--0.66 [m /H] -0.20 MCI
± 0.16 ± 0.06 + 0.02 (95)

Our qualitative predictions regarding the expected relative

accuracy of each of the equations were confirmed: the smallest

error in determining the apparent distance modulus of one cluster

0 .10 was obtained for magnitudes based on the values of B5. Then

B25 follows (error ±0.15), V5 (error +0.16) and V25 (error +0.24).

As was already noted above, Shapley continued to determine

the distances up to the globular clusters, using the magnitudes

of the bright stars. He published the photographic magnitudes

of 25 of the brightest stars, and also the magnitudes of stars

of the sixth and thirtieth order of brightness in each of the 48

globular clusters (H. Shapley, 1930). In some subsequent books

and summaries of Shapley himself, as well as other authors, the

data on the mean photographic magnitude of 25 of the brightest

stars was repeated, expanded, and somewhat changed. We should

recall the very valuable catalog of globular clusters of Sawyer

and Hogg, which included the magnitudes for. 66 clusters (H. B.

Sawyer-Hogg, 1963). Two years later Arp reduced the photographic

magnitudes of 25 bright stars by means of formulas (90) to the /81

B system, and'reduced the number of clusters to 67 (H. Arp, 1965).
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It was shown recently that the magnitude of Arp contains a systema-

tic error related to the galactic latitude (B. V. Kukarkin, R. M.

Russev, 1972). It would probably be more correct to search for the

cause of the systematic error in the color excess E (B-V), but -

taking into consideration the low accuracy of the magnitudes of

Arp - we did not continue this study, so as not to ,delay publica-<

tion of this book. In correcting the magnitude of Arp for the

"effect of galactic latitude", we obtained the following formula,

connecting the corrected magnitudes of Arp (B'25) with the

apparent distance moduli in our system:

Mod " - (B'25) - 2.98 - 0.51 [m/H] -0.36M,
P+ 0.41. 0.13 ± 0.06 (95a)

The mean square error of determining the distance modulus of

one cluster was ±0.35, which was much worse than any of the de-

terminations used in formulas (92) - (95). Nevertheless, it is

necessary to use these moduli, especially when there are no more

reliable determinations. The mean weight of these determinations

is naturally not large (0.08).

In calculating the apparent moduli based on equations (92) -

(95a) we must always keep the fact in mind that it is necessary

to solve these equations with successive approximations, assuming

preliminary MV and MB values which are as close as possible to the

desired values. Two approximations are usually necessary. It

is necessary to make a greater number of approximations in the

case of an unsuccessful selection of the preliminary value of the

absolute magnitude.

Visual determinations of the magnitudes of bright stars of

van den Bergh and the (m-M)-' values derived by him may also be

used. They were reduced to our system using the following formula:

ModV = 6.00 + 0.62 (m -M)v -0.72 [m/H] (95b)- 0.09 ±0.17
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The mean square error of determining the distance modulus of one

cluster was very large and was +0.46. The mean weight of these

determinations was 0.05 in all.

3. Determination of the apparent moduli of globular clusters

based on the cepheids.

At presentL974)about 40 variable stars. of the cepheid and

RV Taurus type have been discovered in gobular clues ters.

Apparently, serious attention was first given to their similar-

ity with variable stars of the W Virgo type in 1950 (B. V.

Kukarkin and-P;--G. Kulikovskiy, 1951). .

-- -- -- - -, ------- 2~

Unfortun ately,' too little attention has recently been given

to a study of variable stars of this type in globular clusters

(in contrast to ied variable stars). This may be due to the /82

fact that primary interest was attached to stars of the RR Lyrae

type in studying the variable stars in globular clusters.

Fortunately in recent years cepheids in globular clusters

have finally attracted their merited attention. After the

interesting sporadic study of H. C. Arp, 1955a ,lonly a few

individual studies appeared. S. Demers recently continued the

group of studies (see, for example, S. Demers, 1971), but his

studies are based on a very small number of observations. The

problem was raised of finding cepheids in globular clusters

(G. Wallerstein, 1970), and also attempts were made to determine

their location in stellar evolution (see, for example, M. Schwarzs- 1]

child and R. Hirm, 1970). Many other authors'lave]pointed out the

unusual period-luminosity relationship in stars of the W Virgo

type (see, for example, M. S. Frolov, 1970; K. K. Kwee, 1968).

In 1971, A. S. Rastorgouev became interested in the problem

of cepheids in globular clusters. He used the rich collection

of photographs of globular clusters accumulated since 1959 at the
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State Astronomical Institute Imeni P. K. Shternberg in Moscow.

Based on his preliminary results, Rastorgouev formulated anew,

the period-luminosity relationship for cepheids in globular

clusters (B. V. Kukarkin and A. S. Rastorgouev, 1972; 1973).
This relationship, which was calibrated based on the absolute

magnitudes of stars in the horizontal branch given in the study,
of Kukarkin and Rassev (B. V. Kukarkin and R. M. Russev, 1972),1
is well approximated by the following two linear equations:

Mv - -0.26 -1.12 log 1 (og P< 1.13)
S 0.07 ± 0.08

MV -+2.66 - 3.89 log P (log P>.1.13) (96)
0.10 ± 0.11

S - 0.08 -0.70 logP (ogP< 1.13)
S0.08 ± 0.07 (9 7

M, - + 3.51 +4.11 log P (logP>.1.13) Go
S q+* 0.09 0.08

These formulas are tentative in nature. At the present time

A. S. Rastorgouev has concluded the study of all the cepheids in
globular clusters, for which it was important to obtain reliable
data. We did not wish to delay the completion of our book, since

it is already assumed that the new formulas will differ from the
previous formulas (96) and (97) so slightly that they will not
have a significant influence upon the apparent distance moduli of
globular clusters derived in this book.

Utilizing formulas (96) and (97) and the apparent magnitudes

of cepheids in globular clusters, the apparent distance moduli
were calculated. Weights were given to them which were not

established rigorously but, as far as possible, in such a way
that the unit of weight, just as in other cases, corresponded to /83
the mean square error of ±0.10 in the modulus value.

Photoelectric measurements of cepheids in globular clusters
in different frequency ranges are very desirable. There are
practically no such measurements (the few observations cannot be
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used as material for reliable statistical processing).

It is known that in dwarf galaxies of the stellar system

type in the clusters Sculptor and Draco variable stars are

encountered with periods from 0.45 to 1.6 days and with absolute

magnitudes which are approximately one stellar magnitude higher

as compared with the magnitude of stars on the horizontal branch

(W. Baade, H. Swope, 1961; S. van Agt, 1967; H. Swope, 1968;

P. N. Kholopov, 1971; S. van Agt, 1973).

If we assume that the absolute stellar magnitude MB equals

+ 1m0 for stars of the RR Lyrae type in these stellar systems,

the i uminosity-period relationship may be represented b the

equation:

MS - - 0.22 - 1.88 logP (98)

However, we must approach this problem with great caution.

A simple examination of the histograms for periods of type RR Lyrae

stars in the dwarf galaxies (S. van Agt, 1973), undoubtedly

indicatesthe unusual population of these stellar systems. Only

one histogram for the syste~ in Sculptor• has a great similarityr,

with the histogram for the globular cluster M3. In all the re-

maining cases, it. is impossible to find a good analog among the

globular clusters of our galaxy. It is impossible to attribute

an identical content of metals for all stars in the dwarf galaxies

and a relatively identical time of formation for the stars popula-

ting them.

Variable increased luminosities are also encountered in the

globular clusters of our galaxy. -For example, these are the

stars V9 in 'the cluster 47 Tuc, stars V3, 31in clste NGC64

stars V19 incluster NGC 6712, and stars ~l6_,. V21 i cl~-ter

6723. All of these clusters have a relatively high con'tent of
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However, are not all of these stars variable stars at differing

stages of development than stars of the RR Lyrae and W Virgo type?

We have attempted to illustrate in one figure the period-

luminosity dependence for stars of the RR Lyrae type, stars of

increased luminosity in the dwarf galaxies, cepheids in the

globular clusters of our galaxy, and the initial portion of the

dependence for classical cepheids. It must be recalled that the

absolute magnitudes of stars of the RR Lyrae type were assumed to

equal (+1~0) for all dwarf galaxies. It is probable that this is

not the case, and therefore stars of higher luminosity may be

rearranged on the figure.

Apparently, we must not now assume that there is a real

difference between cepheids in the globular clusters of our

galaxy and stars of increased luminosity in dwarf galaxies. /84
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Figure 6. Period-luminosity dependence (in absolute stellar
magnitudes B) for different types of periodic pulsating stars. The
horizontal dashed lines show thtaregion of stars of the RR Lyrae
type. Stars of increased luminosity in different dwarf galaxies are
designated by the crosses. The cepheids in globular clusters of our
galaxy are shown by circles, and the vertical lines designate the
beginning of the classical cepheid region.
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It is possible that these variable stars are at identical stages

of development and the dispersion in their values may be related

(apart from observation errors) with a difference in chemical

composition and mass with other characteristics.

It is necessary to continue the studies of variable stars

in all the available dwarf galaxies. The galaxy in Sculptor is

particularly interesting, i.e., it includes cepheids and possibly

red variables, apart from more than 600 variables of the RR Lyrae

type.

4, 5, 6. Determination of the distance moduli of globular clusters

based on red variable stars of different types.

Unfortunately, red variable stars, just like stars of the

W Virgo type,]were not of interest for a long period of time to

researchers of globular clusters. This is particularly surprising,

since even in 1955 M. Walker formulated the assumption that in

globular clusters all red giants which are brighter than a cer-

tain value are variable stars (M. F. Walker, 1955). However,

no one was interested in this and the problem was not considered

until the 1970's (R. M. Russev, 1971; 0. J. Eggen, 1972). It

was found that in selected coordinate systems the red variable

stars are definitely localized on the color-luminosity diagrams.

Starting at the end of the 1960's, more and more frequently

studies appeared devoted to an investigation of red variable stars

in globular clusters. Apart from the practical importance of

their study (for example, the possibility of determining distances)

investigations into the theory of stellar evolution (see, for

example, K. Schwarzschild, 1970) played an important role in the

emerging interest in these stars. It follows from these studies/

that nonstationary phenomena may be characteristic for stars /85

localized on the upper right end of the branch of the giants.
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These stars may be in a stage of great qualitative reorganization.

Since three special reviews (M. F. Feast, 1972, 1973;

T. Lloyd Evans, 1973) were recently devoted to the problem of

the red variable stars in globular clusters, we shall not go into

detail on these general problems, particularly since they have

already been partially covered (see pages *90-93).) Let us now

examine three possible methods of determining the apparent distant

moduli for the red stars.

A. Red irregular and semi-regular stars-giants are primarily

encountered in clusters of high metallicity, although they are

found in clusters with a low content of metals. The problem of

observing these stars in clusters is very complex and requires

the most accurate possible approach. This, in its turn, is

connected with the selection of a good coordinate system for the

color-luminosity diagrams. The photometric system V and the

color equivalents B-V are absolutely unsuitable for a scientifically

valid classification of red variable stars in globular clusters

(even in the galactic field) .

Attempts are now being made to find a practical solution to

this problem. It is sufficient to examine the study of 0. Eggen

(see, for example, 0. J. Eggen, 1972)and previous studies of the

same author mentioned there). A single glance at the diagram of

Lloyd Evans (T. Lloyd Evans; 1973) is sufficient to establish

that, with an appropriate selection of the coordinates, red

variable stars are localized in terms of luminosity hardly more

precisely than stars of the RR Lyrae type. This is due to the

fact that the V coordinate was replaced by the-I K coordinate. If

Lloyd Evans had replaced the V-I coordinates, the picture would

be much more clear.

First of all, an attempt was made to connect the apparent

magnitudes of the red variable stars in the I photometric system
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with the apparent distant moduli 'Mod'p,. Eleven conditional

equations were formulated whose solution led to the following

relationship:
Mod , 3.60 + 0.97Ik-0.13 [m/H]

P 0.05 ±0.10 (99)

The attempt was successful. In spite of the relatively small

amount of material, the mean square error of determining the

apparent distance moduli of one cluster was +0.18, which is

comparable with other methods of average reliability. When re-

liable IK values of red variable stars are determined for all 25

globular clusters, where variable stars of this type have

already been found, and when searches are made for those variable

stars in other clusters, this method of determining the distances

will probably be found to be one of the most reliable. It is /86

apparent that it is not necessary to stop with the IK photometric

system. Other systems may be selected.

B. The mean apparent magnitudes of irregular and semi-

regular variable stars in 22 globular clusters were compared with

the distance moduli in our system Mod . All of these quantities

were reduced to the B photometric system. As a result, the

following formula was obtained:

Mod = - 0.84 + 1.02 B-0.76 [m/H]P 0.04 ± 0.12 (100)

The mean square error of determining the apparent distance modulus

of one cluster was found to be ±0.29. With a more accurate and

more numerous series of observations of red variable stars in

photometric system B, this error is reduced and this method of

determining the distances is suitable and sufficiently accurate.

C. It was recently shown that variable stars of the Mira Cetus

type are encountered in globular clusters with a high.'metal con-

tent. By 1974, a little more than ten stars of the Mira Cetus type

were known, and there was no doubt that they belonged to clusters
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(for the majority of the stars, the radial velocity was

measured, which was found to be close to the velocities of the

clusters themselves). Unfortunately, the result was quite unsatis-

factory with photometric observations of the stars. There is no

assurance that the published photographic magnitudes at the maximum

pertained to the maximum of the average altitude (as is known,
the maximum photographic magnitudes of a given star of the Mira Cetus/
type are not the same). There are no systematic observations in

photometric systems which are good for studying red stars. Some

stars of the Mira Cetus type have h-ot beenl studied at all./

In spite of the sparse material, it has been possible to

obtain the maximum values in a system close to B for seven stars

of the Mira Cetus type in four/globular clusters._A comparison of

these values with the apparent distance moduli in our MOd~system

led to the following formula:

ModV Max -0.20 - 2.76[m/H]
S0.14 ± 0.27 (i01)

The mean square error of determining the apparent distance modulus

of one cluster is ±0.14. This was undoubtedly due to the small

number of equations. If there had been three of them, the solution

would be absolutely accurate. However, in general, this method of

determining the distance to the globular clusters merits atten-

tion.

The methods described above for determining the apparent

distance moduli of globular clusters for red stars are very /87

promising. However, there is material which is absolutely not

suitable for a detailed study of the problem. Further observations

are necessary, if possible in frequency ranges (B,IJ,IK, 104)

which are suitable for stars with molecular spectra, as well as the

selection of suitable color equivalents which are unequivocaiy]
connected with temperature.
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8. DISTANCE MODULI OF GLOBULAR CLUSTERS /88

It was shown in one of our studies that the so-called con-

centration classes of Shapley-Sawyer are correlated much better

with the absolute magnitudes of globular clusters than with any

magnitudes or qualitative classes which actually characterize the

concentration of stars in globular clusters (B. V. Kukarkin,

1971). Actually, it is sufficient to examine Figure 4 (page )62)

to see that there is an uncertain connection between the concen-

tration classes of Shapley-Sawyer and the quantity "C" (I. R. King,

1974).

Since the publication of our study on the concentration classes

of globular clusters (B. V. Kukarkin,_ 19711), additional methods

were found for determining the "richness" of globular clusters with

stars.
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S . * :-8
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Figure 7. Dependence between the integral absolute stellar
magnitude of globular clusters and the quantity l= [(v25_v5)>(B25B5)] 1
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TABLE 11 /89

NGC IR Wt NGC IR Wt NGC IR Wt

104 0.75 3.3 6218 0.42 4.0 6535 0.24 3.0
288 0.30 3.2 6229 0.69 3.3 6539 0.31 3.5
362 0.66 3.3 6235 0.35 3.3 6541 0.56 3,6

1261 0.47 3.5 6254 0.49 4.2 6544 0.47 2._
Pal 1 0.11 2.2 6266 0.67 4.0 6553 0.42 3.3
Pal 2 0.33 2.4 6273 0.61 3.7 6558 0.53 2.6

1851 0.64 3.7 6284 0.58 3.6 1c1276 0.18 2.2
1904 0.01 3.2 6287 0.43 3.6 6569 0.45 3.5
2298 0,40 3.6 6293 0.63 3.6 6584 0.50 3.2
2419 0.64 3.3 6304 0.67 3.5 6624 0.62 3.5
2808 0.76 3.0 6316 0.58 3.5 6626 0.66 3.6

Pal 3 0.10 2.4 6325 0.41 3.6 6637 0.59 4.2
3201 0.39 2.8 6333 0.56 3.7 6638 0.68 3.5

Pal 4 0.17 2.8 6341 0.61 4.0 6642 0.58 3.0
4147 0.39 4.1 6342 0.65 3.5 6652 0.70 3.2
4372 0.26 2.6 6352 0.35 3.5 6656 0.56 4.4
4590 0.45 3.5 6355 0.42 3.0 Pal 8 0.37 2.2
4833 0.55 3.3 6356 0.69 4.2 6681 0.57 3.5
5024 0.61 4.2 Trz 2 0.45: 1.0 6712 0.44 4.65053 0.18 4.2 6362 0.42 3.2 6712 0.44 4
5139 0.86 3.3 6366 0.16 3.5 6715 0.68 3.
5272 0.64 4.2 Trz 4 0.6: 1.0 6717 0.47 2.2
5286 0.71 2.4 HP 1 0.24 2.0 6723 0.53 4.0
5466 0.27 4.4 6380 0.34 1.7 6749 0.28 3.3
5634 0.56 3.6 6388 0.64 2.8 6752 0.58 3.3
5694 0.64 3.2 Trz 1 0.40 1.4 6760 0,42 3.5

124499 0.17 2.2 Ton 2 0.23 1.7 6779 0,43 4.5
5824 0.72 3.5 6397 0.37 3.3 Pal 10 0.11 2.2

Pal 6 0.08 2.4 6401 0.49 3.0 1925-30 0.06 2.0
5897 0.32 4.5 6402 0.65 4.5 6809 0.38 3.3
5904 0.62 4.4 Pal 6 0.26 2.2 Pal 11 0.17 2.2
5927 0.56 2.4 6426 0.29 3.6 6838 0.29 4.0
5946 0.53 2.2 Trz 5 0.8: 1.0 6864 0.72 3.2
5986 0.62 3.3 8440 0.54 3.3 6934 0.55 4.2

1808+15 0.08 1.7 6441 0.79 3.2 6981 0.46 4.4
6093 0.72 3.7 Trz 6 0.3: 1.0 7006 0.51 4.6
6101 0.29 2.0 0463 0.70 2.8 7078 0.84 4.4
6121 0.38 4.0 6496 0.21 2.4 7089 0.71 4.8
6139 0.60 2.4 6517 0.59 3.5 7099 0.47 4.4
6144 0.27 3.3 6622 0.560 3.7 Pal 12 0.13 2.2
6171 0.39 4.2 6528 0.49 3.3 Pal 13 0.02 2.4
6205 0.70 4.4 7492 0.18 4.1
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One of the most suitable quantities characterizing the /90

population of the luminosity function of the given globular

cluster is the difference between the apparent stellar magnitudes

of five and twenty-five stars V25-V4 and V25-B5 (see Table 10).

The following value of A was proposed:

A - [(V25 - v5) + (B25 - B5)] (102)

This quantity proved to have a very reliable correlation with the

absolute magnitudes MV of globular clusters (see Figure 7).

Table 11 on page 101 gives the richness indexIIR This was

obtained as a result of further reduction of all additional

determinations to the scale selected previously.

A comparison of the richness indices with the most reliable

determinations of the absolute magnitudes MV and MB of 42

globular clusters made it possible to obtain the following two

formulas:
My -3.49 - 7.31 IR

+0.28 ± 0.51 (103)

M, -2.91- 7.17 ( 04)+0.30 ± 0.56 (i

The mean square errors of determining the absolute magnitude of

one cluster are +0.52 and ±0.56, respectively.

As may be seen, this method of determining the absolute

magnitudes of globular clusters is one of the least accurate

methods. Nevertheless, in certain cases a knowledge of the

richness index is one of the few possibilities of determining the

distance to a globular cluster. This is important for clusters

which are not well studied.
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Determination of true distance moduli of globular clusters based
on their diameters

The chapter of the book devoted to determination of the
diameters of globular clusters showed that the system selected is
practically free of the influence of light absorption. This makes
the diameters of globular clusters suitable for determining the
true distance moduli.

-- reliminary values of the true distance meduli were obtained
by subtracting the tripled value E (B-V) from-the-apprent mod-

ulus Mod .Forty-seven globular clusters were selected, for which
both the true distance moduli and the diameters were determined
very unreliable. It is apparent that the true cluster diameter
must be related with its mass. The cluster mass may be replaced by
the integral absolute magnitude MV. In addition, as was already
noted above, the content of metals may also introduce a systematic
e.rror into any system of determining the diameter.s A allv i~~g~ibular clusters with a high metal conten there jare.practicall

no white or blue stars on the horizontal branch. If the masses
of the red and blue stars are different and this difference

existed for a rather long period of time with respect to the time

of relaxation, then in measurements of the diameters at different

wavelengths we will make differing determinations of the influence

upon the diameter of blue and red stars. In the red lines, the
influence of blue and white stars will be attenuated, whereas in the

blue lines, it will be intensified.iFinally, it follows from the

theoretical calculations of the dynamic evolution of globular

clusters that the limiting radius must greatly depend on the

distance of the given cluster from the center, particularly from

the galactic plane.

When an empirical formula was selected for representing the

apparent diameter of globular clusters as an index of the distance,
it was decided to represent the true modulus Mod 0 as a function of
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the logarithm of the globular cluster diameter lg d, its absolute

magnitude MV, the metal content [m/HI, and the logarithm of the

z-coordinate of the cluster (in terms of the modulus):

Modo =a +blgd +cM. + d[m/H]+Igz (105)

As a result of solving 47 arbitrary equations by the method

of least squares, the following formula was obtained:

Modo = 15.17 - 3.521gd - 0.26 M V - 0.28 [m/H] + 1.521g z . (106)
± 0.32 ± 0.05 ± 0.14 ± 0.13

The mean square error of determining the true distance modulus of

one globular cluster based on formulas (106) is ±0.39. This is a

low accuracy, but frequently the cluster diameter is the only

numerical characteristic, which may be used to obtain the approxi-

mate distance to the cluster.

The proposed method for determining the true distance

moduli of globular clusters based on the apparent diameters,

reduced to our system which is free of the influence ofo'inter-

stellar absorption of light, is not sufficiently accurate and is

comparable with the most reliable methods of determining the

distances. Nevertheless, it was suitable for determining the

distances of globular clusters. This is very important in the

case of those clusters for which other methods cannot be used.

The complexity of formulas (105) requires a skillful selection

of the necessary parameters and the successive approximations

when solving the equation. However, our experience has shown

that with practice and a certain amount of intuition the disadvan-

tage of this method can be overcome.
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Rectangular coordinates of globular clusters

For all of the globular clusters whose distance from the

Sun is given in Table F, formulas (1), (2) and (3) were used to

calculate the rectangular coordinates x, y, z. The x axis is

directed from the Sun to the center of the galaxy; the y axis is

directed from the Sun to a point on the galactic equator with a

longitude of 900; the z axis is directed toward the North Pole of

the galactic coordinate system.

The rectangular coordinates thus calculated are given in a

supplementary table after Table F. The fact must be kept in mind

that, in the case of calculations using the distances from Table F,

small divergences from the values of the supplementary tablej

may be encountered. This may be explained by the fact that the

values in Table F were rounded off as a function of the accuracy

of determining the distances. In the supplementary table, calcu-

lated by means of a computer, the initial data were not rounded

off and formally contained the number of signs assigned by the

computer.

Radial velocities of globular clusters

The supplementary table also gives the radial velocities

of globular clusters. All of the measurements of radial velocities

of globular clusters[. an'd individual stars'in Mhe c.lusters putb

blishedb . .e. oJ 4__. :were re-examined. The Mayall and Kinman sy-

tem of radial velocities was used (N. U. Mayall, 1946); (T. D.

Kinman, 1959a). The last of these studies used all of the pub-

li she d-measuremxi.its of radial velocitie s.

--------

After the publication of the study of--Kinman, numerous'

determinations were published of the radial velocities of individual

stars in several clusters (M. W. Feast, et al, 1960; Fehrenbach, C.

et al., 1962; R.v.d.R. Woolley, 1966; M. W. Feast, 1967;

-R. M. Catchpole et al., 1970; M. W. Feast, 1972;9
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P. J. Andrews, et al., 1974) and the integral radial velocities

of 22'globular clusters (S. van den Bergh, 1969). These latter

determinations needed a systematic correction of +19 km/sec (the

same value was derived in the study of van den Bergh but with a

different sign; this is probably an oversight).

Based on the deviations of individual determinations

from the preliminary weighted averages, the mean errors of all

the series of observations used were redetermined and new values

of the weights were calculated. In the majority of cases, they

were proportional to the weights used in the book of Kinman.

The values used for the mean radial velocities of globular

clusters and their weights are given in the last two columns of

the supplementary table. The unit of weight corresponds to the

mean square error of ±10 km/sec.

106



PA RT 2

GENERAL CATALOG OF GLOBULAR CLUSTERS

OF OUR GALAXY
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Description of the general catalog of globular clusters in /99

our galaxy.

All of the general characteristics of globular clusters in

our galaxy, reduced to a uniform system (see the first part), are

given in six tables, designated by the letters A,B,C,D,E,F.

Table A

This table gives the names and locations of globular clusters

in the celestial sphere. The table contains the following columns:

1. Name of globular cluster based on the NGC catalog and, when

this catalog does not give it, the name is given from another,

most widely used source. A second name is given after the

first, if it is found in the literature.

2. -i ght ascension and declination for the 1950 equinox.

3. Annual prec0ssion for the 1950 equinox.

4. Galactic coordinates in the-new system (position of the mean

galactic pole R.A.-1 2 h49m; Dekl.-+2774 (1950)

Table B

Table B contains auxiliary quantities which may be useful

when studying the three-dimensional distribution of globular

clusters or investigating their kinematics. The table con-

tains the following columns:

1. Name of the cluster in accordance with the first name in Table A.

2. Cosine of the galactic longitude cos 1'.

3. Sine of the galactic longitude sin 1.

4. Cosine of the galactic latitude cos b.
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5. Sine of the galactic latitude sin b.

6. Product sinl cosb.

7. Product cosl cosb.

8. Cosecant of galactic latitude Jcsc bl.

Table C.

Table C gives information on the photometric characteristics

of globular clusters and their color excesses reduced to a uniform

system. This information is given for each cluster on two pages.

The left page contains the following columns:

1. Name of the cluster in accordance with the first name in

Table A.

2. Integral stellar magnitude of the cluster V. /100

3. Weight of this quantity.

4. Sources given at the end of the table and in a general summary

at the end of the book.

5. Color equivalent (B-V).

6. Weight of this quantity.

7. Sources indicated at the end of the table and in the general

summary at the end of the book.

S The right page includes the following columns:

1. Name of the cluster in accordance with the first name in Table A.

2. Color equivalent (U-B).

3. Weight of this quantity.

4. Sources] given at the end of table and in the general summary

at the end of the book.

5. Color equivalent (V-I).

6. Weight of this quantity.

7. Sources given at the end of the table and in the general

summary at the end of the book.

8. Color excess E(B-V).
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9. Weight of this quantity.

A list of sources used in deriving all of these quantities

is given at the end of the table. The complete bibliographic

information is given at the end of the book.

Table D.

Table D contains information on the integral spectral classes

of clusters and the content of metals reduced to a uniform system.

The table contains the following columns:

1. Name of the cluster in accordance with the first name in

Table A.

2. Integral spectral class of the globular cluster. When the

spectral class is derived only on the basis of photometric

measurements, its value is given in parentheses.

3. Weight of determining the spectral class.

4. Sources used in determining the spectral class given at the

end of the table and in the general summary at the end of

the book.

5. Quantity [m/H] characterizing the metal content in the atmo-

spheres of the cluster stars. It corresponds to the logarithm

of the metal content with respect to the Sun.

6. Weight of the quantity Em/H].

7. Sources used to determine this quantity given at the end of

the table and in the general summary at the end of the book.
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Table E.

Table-E contains information on the diameters and apparent

distance moduli of clusters reduced to a uniform system. The

table contains the following columns.
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1. Name of the cluster in accordance with the first name in

Table A.

2. Logarithm of the cluster diameter expressed in minutes of arc

ig d.

3. Weight of this quantity.

4. Sources used to determine the diameters given at the end of

the table and in the summary at the end of the book.

5. Apparent distant moduli ModV
app

6. Weight of these quantities.

7. Methods used in determining the apparent distance moduli.

They are given at the end of the table.

When using this table, the fact must be kept in mind that

both the diameters and the distance moduli must be regarded as

tentative, although they are given in a uniform system. Both

the problem of measuring the diameters and the problem of deter-

mining the distance scales are very complex and will be repeatedly

re-examined.

Table F.

Table F repeats (sometimes in a-somewhat changed form),

without the details, the weights, sources, and all of the data

regarding globular clusters obtained in a uniform system. The

information contained in Tables A and B is not repeated.

The purpose of this table is to provide a convenient reference

source for those individuals not interested in problems related to

the study of globular clusters, but who need7the information.

Just as in Table C, the information about the clusters in Table F

is given on two consecutive pages. The left side contains the

following information:
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1. Name of the cluster in accordance with the first name in

Table A.

2. Integral magnitude of cluster V.

3. Color equivalent B-V.

4. Color equivalent U-B.

5. Color equivalent V-I.

6. Spectral class of the cluster. The parentheses indicate that

the spectral class was only derived on the basis of photometric

measurements.

7. The quantity [m/H] designating the logarithm of the metal

content with respect to the Sun.

8. Repetition of Column 1 for convenience in using the table.
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The right page contains the following columns:

1. Name of the cluster in accordance with the first name in

Table A.

2. Color excess E (B-V).

3. True distance modulus ModV .

4. Distance of the cluster from the Sun corresponding to this

modulus, given in kiloparsecs.

5. Cluster diameter logarithm expressed in minutes of arc.

6. Linear cluster diameter in parsecs.

7. Absolute magnitude of the globular cluster.

8. Repetition of Column 1 for convenience in using the table.

Supplementary table

This table gives the rectangular coordinates of globular

clusters. The origin is at the center of the Sun. The x axis

is directed toward the center of the galaxy; the y axis - toward

a point on the galactic equator with 900 longitude; the z axis -

toward the North Pole of the galactic coordinate system. The.

table contains the following columns:
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1. Name of the cluster in accordance with the first name in

Table A.

2, 3, 4. Rectangular coordinates x,y,z in kiloparsecs.

5. Radial velocity of the cluster VR.

6. Weight (unit of weight corresponds to the mean error of

±10 km/sec).

The mean error of any value for the quantities whose weights

are given in Tables C, D and E may be calculated according to the

formula

in units of the quantity itself.
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TABLE A. COORDINATES OF GLOBULAR CLUSTERS

RA. Dec1. Preac. (1950) 1 b
Cluster (1950) R. A. Decl,.

104 47 Tuc 0 0 h 2 1.m8 -72021' +2.'68 +0.333 305i90 -44?90
288 50. 2 -26 52 +2.93 +0.326 149.67 -89.40
362 A 62 01 01. 6 -71 07 +2.04 +0.322 301.52 -46.26

1261 03 10. 9 -5525 +1.63 +0.225 270.56 -52.12
Pal 1 25. 7 +79 28 +8.68 +0.208 130.02 +19.06

Pal 2 04 43. 1 +31 23 +3.84 +0.110 170.49 -08.98
1851 A 508 05 12. 4 -40 05 +1.97 +0.069 244.49 -35.04
1904 M 79 22. 2 -24 33 +2. 47 +0.055 227.22 -29.33
2298. 06 47. 2 -3557 +2.13 -0.068 245.63 -16.01
2419 07 34. 8 +39 00 +4.06 -0.134 180.37 +25.25

2808 09 10. 9 -64 39 +1. 12 -0.247 282.18 -11.26
Pat 3 10 03. 0 +00 18 +3.08 -0.292 240.26 +41.86
3201 A 445 15. 5 -4609 +2.48 -0.300 277.21 +08.64

Pal 4 11 26. 6 +29 16 +3. 18 -0.331 202.31 +71.80
4147 12.07. 6 +18 49 +3.06 -0.334 25289 +77.19

4372 23. 0 -72 24 +3.48 -0.332 301.01 -09.90
4590 M 68 36. 8 -26 29 +3. 18 -0.330 299.62 +36.04
4833 56. 0 -70.36 +3.99 -0.324 303.59 -08.01
5024 M 53 13 10. 5 +18 26 +2.94 -0.318 333.00 +79.76
5053 13. 9 +1757 +2.94 -0.317 335.56 +78.95

5139 o) Can 23. 8 -47 13 +3.58 -0.312 309.10 +14.97
5272 M 3 39. 9 +28 38 +2. 77 -0.303 042.24 +78.70
5286 A 388 43.0 -51 07 +3.79 -0.301 311.57 + 10.58
5466 14 03. 2 +28 46 +2.70 -0.287 042.13 +73.59
5634 27. 0 -05 45 +3. 15 -0.268 342.22 +49.26

5694 36. 7 -26 19 +3.49 -0.259 331.06 +30.36
IC4499 x 52. 7 -8202 +9 60 -0.244 307.36 -20.50

5824 15 00. 9 -32 53 +3.69 -0.235 332.55 +22.06
Pal 5 13. 5 +00 05 +3.07 -0.222 000.85 +45.86

5897 14. 5 -20 50 +3.44 -0.221 342.94 +30.29

5904 M 5 16. 0 +02 16 +3.03 -0.219 003.86 +46.80
5927 24. 4 -50 29 +4.33 -0.210 325.62 +04.87
5946 31. 8 -50 30 +4.37 -0.201 327.28 +04.19
5986 A 552 42. 8 -37 37 +3.92 -0.188 337.01 +13,28

1608+15 Pal 114 16 08. 8 +1505 +2.75 -0.156 028.76 +42.16

6093 M 80 14. 1 -2252 +3.58 -0.149 352.67 +19.45
6101 20.0 -72 05 +6.81 -0.141 317.73 -15.83
6121 M 4 20. 6 -25 24 +3.58 -0.140 350.99 +15.96
6139 24. 3 -38 44 +4.05 -0.136 342.37 +06.94
6144 24. 2 -25 56 +3.67 -0.136 351.92 +15.68

6171 (M 107) 29. 7 -12 57 +3.38 -0.128 003.37 +23.02
6205 M 13 39.9 +.S5 33 +2. 14 -0.114 05.00 +.40.91
6218 M 12 44.6 -01 52 +3. 11 -0.108 015.70 +26.32
6229 45. 6 +47 37 + 1.69 -0.107 073.64 +40.30
6235 50. 4 -2206 +3.59 -0.100 358.91 +13.52

-- I-ORIGNAL PAGE S
OF POOR QUALM
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TABLE A. COORDINATES OF GLOBULAR CLUSTERS (CONTINUED) /107

R.A. Decl. Preac. (1950) 1
Cluster (1950) R.A. Decl.

6254 M 10 16 h5 4.m 5 -04002' +3.16 -0094 015 13 +23 07
6256 Tra 12 56. 0 -37 00 +4.04 -0.092 347.81 +03-.3

Pol 15 57. 6 -00 28 +3.08 -0.089 018.89 + 24.27
6266 M 62 58. 1 -30 03 +3.82 -0.089 353.58 +07.30
6273 M 19 59. 5 -26 12 +3.71 -0.087 356.86 +09.39

6284 17 01. 5 -24 41 +3.67 -0.084 359.37 +09.93
6287 02. 1 -2238 +3.61 -0.084 000.13 +11.04
6293 07. 1 -26 30 +3.72 -0.076 357.04 +07.S4
6304 11. 4 -29 24 +3. 81 -0.070 355.84 +05.37
6316 13. 4 -28 05 +3.77 -0.067 357.17 +05.78

6325 15. 0 -23 42 +3.65 -0.065 000.99 +08.00
6333 M 9 16. 2 -18 28 +3. 51 -0.063 005.53 +10.72
6341 M 92 15. 6 +43 11 +1.84 -0.064 068.35 +34.86
6342 18. 2 -19 32 +3.54 -0.061 004.90 +09.73
6352. 21. 6 -48 25 +4.67 -0.056 341.38 -07.18

6355 20. 9 -26 19 +3.72 -0.057 333.58 +05.42
6356 20. 7 -1746 +3.52 -0.057 006-73 +10.21

Trz 2 HP 31 24. 3 -30 46 +3-06 -0.052 356.31 +02.30
6362 A 225 26. 6 -6701 +6.19 -0.049 325.34 -17.58
6366 25. 1 -0502 +3.19 -0.051 018.42 +1603

Tr, 4 HP4 27. 4 -31 33 +3. 89 -0.047 356.03 +01.31
HP 1 27. 9 -29 57 +3.84 -0.047 357.42 +02.11
6380 Ton 1 32. 0 -3302 +4. 15 -0.041 350.31 -03.58
6388 32. 6 -44 43 +4.39 -0.040 345.54 -06.74

Tr I HP 2 32. 6 -30 26 +3.85 -0.040 357.57 +01.00

Ton 2 32. 7 -38 31 +4. 13 -0.040 350.80 -03.41
6397 36. 8 -5339 +4.88 -0.034 338.18 -11.98
6401 35. 5 -23 53 +3.66 -0.035 003.45 +03.97
6402 M 14 35. 0 -03 14 +3. 17 -0.036 021.31 +14.79

Pal 6 40. 6 -26 12 +3.73 -0.028 00209 +01.78

6426 42. 4 +0312 +3.01 -0.026 028.09 +16.24
Tr 5 Trz 11 45. 0 -24 46 +3.69 -0.022 003.84 +01.68

6440 45. 9 -20 21 +3.57 -0.021 007.72 +03.80
6441 46. 8 -37 02 +4.08 -0.019 353.53 -05.00

TrC 6 HP 5 47. 5 -31 16 +3.88 -0.018 358.56 -02.16

6453 48. 0 -34 37 +4.00 -0.017 355.74 -03.97
6496 55. 5 -44 14 +4.37 -0.007 343.06 -10.01

Trz 9 58. 7 -26 52 +3.75 -0.002 003.0 -02.04
6517 59. 1 -08 57 +3.28 -0.001 019.23 +05677
6522 18 00. 4 -30 02 +3.85 +0.001 001.03 -03.93

6528 01. 6 -3004 +3.85 +0.002 001.13 -04.17
6535 01. 3 -00 18 +3.08 +0.002 027.19 + 10.43
6539 02. 1 -07 35 +3. ZB +0.003 02 . 0 +05G7
6541 A 473 04. 4 -4344 +4.35 +0.006 30.27 -11.19
6544 04. 3 -2501 +3.70 +0.006 005.83 -02.22
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TABLE A. COORDINATES OF GLOBULAR CLUSTERS (CONTINUED)

/1o8

R. A. Decl. Preac. (1950) 1 b
Cluster (1950) R.A. Decl.

6553 18 h06.'3 -25056 +3.*72 +0!009 005oo25 -03006
6558 07. 0 -31 47 +3.90 +0.010 000.20 -06.03

1C1276 Pol 7 08. 0 -07 14 +3.24 +0.012 021.82 +05.67
Trz 11 09. 6 -2446 +3.69 +0.014 008.39 -02.19

6569 10. 4 -31 50 +3.90 +0.015 000.49 -06.68

6584 A 376 14. 6 -52 14 +4.79 +0.021 342.13 -16.38
6624 20. 5 -30 23 +3.85 +0.030 002.80 -07.92
6626 M 26 21. 5 -24 53 +3.69 +0.031 007.80 -0558
6637 M 69 28. 1 -32 23 +3.91 +0.041 001.72 -10.26
6638 27. 9 -25 32 +3.71 +0.041 007.90 -07.16

6642 28. 8 -23 30 +3.65 +0;042 009.82 -06.42
6652 32. 5 -33 02 +3.93 +0.047 001.53 -11.38
6656 M 22 33. 3 -23 58 +3.66 +0.048 009.87 -07.55

Pa! 8 38.5 -19 52 +3.55 +0.056 014.11 -06.78
6681 40.0 -32 21 +3.91 +0.058 002.85 -12.52

6712 50. 3 -08 47 +3. 27 +0.073 025.34 -04.32
6715 M 54 51. 9 -30 32 +3.84 +0.075 005.62 -14.09
6717 Pal 9 52. 1 -22 47 +3.62 +0.075 012.86 -10.91
6723 A 573 56. 2 -36 42 +4.04 +0.081 000.07 -17.30
6749 19 02. 5 +01 42 +3.03 +0.090 036.06 -02.22

6752 A 295 06. 4 -60 04. +5.30 +0.095 336.49 -25.62
6760 08. 6 +00 57 +3.05 +0.099 036,10 -0391

Trz 7 14. 4 -34 45 +3.97 +0.107 003.38 -20.05
6779 14. 6 +30 05 +2.34 +0.107 062.65 +08.34

Pal 10 16. 0 +.18 28 +2.65 +0.109 052.44 +02.68

1925-30 Arp 2 25. 6 -30 27 +3.80 +0.122 008.56 -20.79
6809 M 55 36. 9 -31 03 +3.81 +0.137 008.83 -23.28

Pal 11 42. 6 -08 09 +3.25 +0.145 031.79 -15 60
6838 M 71 S1. 5 +18 39 +2.67 +0.156 056.74 -04.55
6864 M 75 20 03. 2 -22 04 +3.54 +0.171 020.31 -25.76

6934 31. 7 +07.14 +2.94 +0.205 052.10 -18.88
6981 M 72 50. 7 -12 44 +3.30 +0.226 035.15 -32.68
7006 59. 1 +1600 +2.80 +0.235 06377 -19.39
7078 M 15 21 27. 6 +11 57 +2.90 +0.263 065.02 -27.32
7089 M 2 30. 9 -01 03 +3.09 +0.266 053.37 -35.78

7099 M 30 37. 5 -23 25 +3.41 +0.272 027.16 -46.83
Pal 12 47. 3 -21 28 +3.37 +0.277 030.52 -47.64
Pal 13 23 04. 2 +1228 +3.00 +0.324 087.07 -42.72

7492 05. 7 -15 54 +3.16 +0.325 053.32 -63.46
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TABLE B. AUXILIARY QUANTITIES /109

Cluster coal sin coab sinb sinlcosb coslco b cscbj

104 +0.536 -0.810 0.708 -0.706 -0.574 +0.415 1.42
288 -0.863 +0.505 0.010 -1.000 +0.005 -0.009 1.00
362 +0.523 -0.825 0.691 -0.722 -0.589 +0.362 1.38

1261 +0.010 -1.000 0.614 -0.789 -0.614 +0.006 1.27
Pal 1 -0.634 +0.766 0.945 +0.327 +0.724 --0.608 3.06

Pal 2 -0.986 +0.165 0.988 -0.156 +0.163 -0.974 6.41
1851 -0.431 -0.902 0.819 -0.574 +0.739 -0.353 1.74
1904 -0.679 -0.734 0.872 -0.490 -0.60 -0.532 2.04
2298 -0.413 -0.911 0.961 -0.276 -0.876 -0. 397 3.53
2419 -1.000 -0.006 0.904 +0.427 -0.006 -0.904 2.34

2808 +0.211 -0.978 0.981 -0.195 -0.959 +0.2~7 5.12
Pal 3 -0.498 -0.867 0.745 +0.667 -0.646 -0.371 1.50

3201 +0.126 -0.992 0.989 +0.150 -0.981 +0.124 6.66
Pal 4 -0.925 -0.380 0.312 +0.950 -0.118 -0.239 1.05

4147 -0.294 -0.954 0.222 +0.975 -0.212 -0.065 1.03

4372 +0.515 -0.857 0.985 -0.172 -0.844 +0.508 5.82
4590 +0.492 -0.869 0.809 +0.588 -0.703 +0.,-I0 1.70
4833 +0.553 -0.833 0.990 -0.139 -0.825 +0.548 7.18
5024 +0.891 -0.454 0.178 +0.984 -0.081 +0.3 1.02
5053 +0.910 -0.413 0.192 +0.982 -0.079 +0.174 1.02

5139 +0.631 -0.766 0.966 +0.258 -0.750 +0.609 3.87
5272 +0.740 +0.672 0.196 +0.981 +0.132 +0.145 1.02
5286 +0.664 -0.748 0.983 +0.184 -0.733 +0.652 5.45
5486 +0.742 +0.670 0.282 +0.959 40.190 +0.210 1.04
5634 +0.952 -0.305 0.653 +0.758 -0.199 +0.621 1.32

5694 +0.875 -0.484 0.863 +0.505 -0.418 +0.755 1.98
IC4499 '+0.607 -0.795 0.937 -0.350 -0.744 +0.569 2.86

5824 +0.887 -0.461 0.927 +0.376 -0.427 +0.822 2.66
Pa 5 +1.000 +0.015 0.696 +0.718 +0.010 +0.696 1.39

5897 +0.956 -0.293 0.864 +0.504 -0.253 +0.826 1.98

5904 +0.998 +0.067 0.684 +0.729 +0.046 +0.&33 1.37
5927 +0.835 -0.550 0.996 +0.085 -0.548 +0.832 11.8
5946 +0.844 -0.536 0.997 +0.073 -0.535 +0.842 13.7
5986 +0.921 -0.390 0.973 +0.230 -0.380 +0.896 4.35

1608+15 +0.877 +0.481 0.741 +0.671 +0.357 +0.650 1.49

6093 +0.992 -0.128 0.943 +0.333 -0.120 +0.935 3.00
6101 +0.740 -0.673 0.962 -0.273 -0.647 +0.712 3.67
6121 +0.988 -0.157 0.962 +0.275 -0.151 +0.950 3.64
6139 +0.953 -0.303 0.993 +0.121 -0.301 +0.946 8.28
6144 +0.990 -0. 141 0.963 +0.270 -0.135 +0.953 9.70

6171 +0.998 +0.059 0.920 +0.391 +0.054 0.919 2.5
6205 +0.515 +0.857 0.756 +0.654 +0. -9 /+0.390 1.53
6218 +0.963 +0.271 0.896 +0.443 +0.242 +0.833 2.26
6229 +0.282 +0.960 0.763 +0.647 +0.732 +0.242 1.55
6235 +1.000 -0.019 0.972 +0.234 -0.018 +0.972 4.28
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TABLE B. AUXILIARY QUANTITIES (CONTINUED) /110

Cluster cos I sini cosb sinb sinlcosb coslcosb Icscbl

6254 +0.965 +0.261 0.920 +0.392 +0.240 +0.888 2.55
6256 +0.978 -.0.211 0.998 +0.059 -0.211 +0.996 17.1

Pal 15 +0.946 +0.324 0.912 +0.411 +0.295 +0.862 2.43
6266 +0.994 -0.112 0.992 +0. 127 -0.111 +0.986 7.87
6273 +P.998 -0.055 0.987 +0.163 -0.054 +0.985 6.13

6284 + 1.000 -0.028 0.985 +0.172 -0.028 +0.985 5.80
6287 +1.000 +0,003 0.922 +0.192 +0.002 +0.982 5.22
6293 +0.999 -0.041 0.991 +0.136 -0.041 +0.990 7.33
6304 +0.997 -0.072 0.996 +0.094 -0.072 +0.993 10.3
6316 +0.999 -0.049 0.995 +0.101 -0.049 +0.994 9.93

6325 +1.000 +0.017 0.990 +0.139 +0.017 +0.990 7.18
6333 +0.995 +0.096 0.982 +0.182 +0.095 +0.978 5.38
6341 +0.369 +0.930 0.821 +0.572 +0.763 +0.303 1.75
6342 +0.996 +0.085 0.986 +0.169 +0.084 +0.982 5.92
6352 +0.948 -0.319 0.992 -0.125 -0.317 +0.940 8.00

6355 +1.000 -0.007 0.996 +0.094 -0.007 +0.996 10.6
6356 +0.993 +0.117 0.984 +0.177 +0.115 +0.977 5.64

Tr. 2 +0.998 -0.064 0.999 +0.040 -0.064 +0.997 24.9
6362 +0.824 -0.566 0.953 -0.302 -0.539 +0.786 3.31
6366 +0.949 +0.316 0.961 +0.276 +Q.304 +0.912 3.62

Tr 4 +0.998 -0.089 1.000 +0.023 -0.069 +0.997 43.7
H P 1 +0.999 -0.045 0.999 +0.037 -0.045 +0.998 27.2
6380 +0.986 -0.168 0.998 -0.062 -0.168 +0.984 16.15
6388 +0.968 -0.250 0.993 -0.117 -0.248 +0.962 8.52

Ttr 1 +0.999 -0.043 1.000 +0.017 -0.043 +0.999 57.9

Ton 2 +0.987 -0.160 0.998 -0.060 -0.160 +0.985 16.8
6397 +0.928 -0.372 0.978 -0.208 -0.364 +0.908 482
6401 +0.998 +0.060 0.998 +0.069 +0.060 +0.996 14.4
6402 +0.932 +0.363 0.967 +0.255 +0.351 +0.901 3.92

Pol 6 +0.999 +0.036 1.000 +0.031 +0.036 +0.999 32.2

6426 +0.882 +0.471 0.960 +0.280 +0.452 +0.847 3.58
Tr 5 +0.998 +0.067 1.000 +0.029 +0.067 +0.997 34.1

6440 +0.991 +0.134 0.998 +0.066 +0.134 +0.989 15.1
6441 +0.994 -0.113 0.996 -0.087 -0.112 +0.989 11.5

Trz 6 + 1.000 -0.025 0.999 -0.038 -0.025 +0.999 26.5

6453 +0.997 -0.074 0.998 -0.069 -0.074 +0.995 14.4
6496 +0.978 -0.207 0.985 -0.174 -0.204 +0.964 5.75

Tr 9 +0.998 +0.063 0.999 -0.036 +0.063 +0.997 28.1
6517 +0.944 +0.329 0.993 +0,118 +0.327 +0.938 8.48
6522 + 1.000 +0.018 0.998 -0.068 +0.018 +0.997 14.6

6528 + 1.000 +0.020 0.997 -0.073 +0.020 +0.997 13.75
6535 +0.890 +0.457 0.984 +0.181 +0.449 +0.875 5,52
6539 +0.935 +0.355 0.993 +0.118 +0.353 +0.928 8.47
6541 +0.982 -0.186 0.981 -0.194 -0.182 +0.964 5.15
6544 +0.995 +0.102 0.999 -0.039 +0.102 +0.994 25.8
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TABLE B. AUXILIARY QUANTITIES (CONTINUED) /111

Cluster cosl sinl cosb sinb sinlcosb coslcosb cseb

6553 +0.996 +0.092 0.999 -0.053 +0.091 +0.994 18.7
6558 +1.000 +0.004 0.994 -0.104 +0.004 +0.995 9.57

IC1276 +0.928 +0.372 0.995 +0.099' +0.370 +0.924 10.1
Trz 11 +0.989 +0.146 0.999 -0.038 +0.146 +0.988 26.3

6569 + 1.000 +0.009 0.993 -0.116 +0.008 +0.993 8.60

6584 +0.952 -0.307 0.959 -0.282 -0.294 +0.913 3.55
6624 +0.999 +0.049 0.990 -0. 138 +0.048 +0.989 7.26
6626 +0.991 +0.136 0.995 -0.097 +0.135 +0.986 10.3
6637 + 1.000 +0.030 0.984 -0.178 +0.030 +0.984 5.61
6638 +0.990 +0.137 0.992 -0.125 +0.136 +0.~93 8.03

6642 +0.985 +0.171 0.994 -0.112 +0.170 +0.979 8.94
6652 +1.000 +0.027 0.980 -0.197 +0.026 +0.980 5.07
6656 +0.985 +0.171 0.991 -0.131 +0.170 +0.977 7.6 1

Pol 8 +0.970 +0.244 0.993 -0.118 +0.242 +0.963 8.47
6681 +0.999 +0.950 0.976 -0.217 +0.048 +0.975 4.61

6712 +0,904 +0.428 0.997 -0.075 +0.427 +0.901 13.3
6715 +0.995 +0.098 0.970 -0.243 +0.095 +0.955 4.11
6717 +0 975 +0.223 0.982 -0.189 +0.219 +0.957 5.28
6723 +1.000 +0.001 0.955 -0.297 +0.001 +0.955 3.36
6749 +0.808 +0.589 0.999 -0.039 +0.588 +0.808 25.8

6752 +0.917 -0.399 0.902 -0.432 -0.360 +0.827 2.31
6760 +0.808 +0.589 0.998 -0.068 +0.588 +0.806 14.7

Trz 7 +0.998 +0.059 0.939 -0.343 -0.055 +0.937 2.92
6779 +0.459 +0.888 0.989 +0.145 +0.879 +0.454 6.90

Pal 10 +0.610 +0.793 0.999 +0.047 +0.792 +0.609 21.4

1925-30 +0.989 +0.149 0.935 -0.355 +0.139 +0.924 2.84
6809 +0.988 +0.154 0.919 -0.395 +0.141 +0.908 2.53

Pal 11 +0.850 +0.529 0.963 -0.269 +0.507 +0.819 3.72
6838 +0.548 +0.836 0.997 -0.079 +0.834 +0.547 12.6
6864 +0.938 +0.347 0.901 -0.435 +0.313 "0.845 2.30

6934 +0.614 +0.789 0.946 -0.324 +0.745 +0.581 3.09
6981 +0.818 +0.576 0.842 -0.540 +0.485 +0.688 1.85
7006 +0.442 +0.897 0.943 -0.332 +0.846 +0.417 3.01
7078 +0.422 +0.906 0.888 -0.459 +0.805 +0.375 2.18
7089 +0.597 +0.802 0.811 -0.585 +0.651 +0.484 1.71

7099 +0.890 +0.457 0.684 -0.729 +0.312 +0.609 1.37
Pal 12 +0.862 +0.508 0.674 -0.739 +0.342 +0.580 1.35
Paol 13 +0.051 +0.999 0.735 -0.678 +0.734 +0.038 1.47
7492 +0.597 +0.802 0.447 -0.895 +0.359 +0.267 1.12
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TABLE C. INTEGRAL MAGNITUDES, COLOR /112

Cluster V Wt References B-V Wt References

104 4.04 4,2 1, 2, 3 0.86 27 1, 2, 3, 18, 19
288 8.56 59 5,6,7,8,9 0.66 5 7,8
362 6.42 1.4 3,5 .0.76 20 7,8

1261 8.64 0.9 5, 10 0.70 15 10
Pal 1 - - - - - -
Pal 2 - - - 1.5 0,1 20

1851 6.70 1.5 5, 9, 10, 17 0.77 17 10, 18
1904 7.84 3.7 4,9, 11, 13 0.60 8 11, 18
2298 9.44 0.2 5, 9 0.74 4 18
2419 10.80 6.7 5, ,7,8,9, 11, 12,16o 0.68 24 7, 11, 12, 13, 18
2800 6.13 0.9 3,5 0.91 16 3, 18

Pal 3 14.5 0.2 14, 20 0.6: 1 14
3201 7.10 1.4 3, 17 0.97 17 3, 18

Pal 4 14.5 0.2 14, 20 0.6: 1 14
4147 10.28 7.8 5,6,8,9, 11, 12. 15, 16 0.62 20 8,11, 12, 15, 18

20
4372*) 8.0 0,1 5 0.87: 1 21
4590 B.25 4.2 3, 5,6,9, 12, 13 0.66 24 3, 12, 18
4833 7.36 1.4 3, 5, 17 0.96 17 3, 18
5024 7.71 10.2 3,4,5,6,8,9, 11, 12 0.65 63 3, 48, 181, 12, 18

13, 6, 22, 23, 24 22,23,25
5053 9.R8 3.3 5,8, 11,12 0.63 10 11, 12
5139 3.65 2.5 1, 3 0.79 30 1, 3, 18
5272 6.41 11.0 3,4, 5,6,8,9, 11,12,13 0.69 68 3, 4,8, 11, 12, 15

15, 16,22, 23,24 18, 22,23,25
5285 7.48 0.9 3, 5 0.90 15 3, 18
5466 9.35 2.6 5,6,8,9, 12 0.75 8 8, 12
5634 9.58 3.3 5,8, 10,15,16 0.68 27 3, 10,12,15,18
5694 10.17 4.0 5,8, 10, 12 0.72 24 3, 8, 12, 18

IC 4499 10.7 0.1 5 0.8: 0.1 20
5824 8.96 4.0 5,8,9,10, 12 0.76 26 10, 18,21

Pal 5 116 0.4 17,20 - - -

5897 8.59 3.8 5,8,9, 12, 15 0.75 10 8, 12, 15
5904 6.03 14.5 3, 4, 5,7, 8,9, 11, 12, 0.71 73 3,4,7,8, 11, 12

13, 15, 16, 22,23, 24 15, 18, 22, 23, 25
5927 7.95 0.9 3, 5 1.31 17 3, 18
5946 9.11 0.7 3 1. 19 14 3
5986 7.53 4.1 3.5,8,9,12 . 0.89 24 3,8, 12, 18

1608+15 - - - - -
6093 7.31 4.7 3,5,8,9,12, 13,22,25 0.84 28 3,8,12, 18,22
6101 8,.9 0.1 5 1.0: 0.1 20
61210 5.96 4.1 3,5,8,9, 12, 13,24, 2 1.04 20 3,8, 12, 18
6139 8.99 1.2 5,8 1.38 5 8,18
6144 9.07 3.4 5,8,9, 11, 26 0.94 10 8, 12
6 171 8.17 7.3 5, 8, 9, 11,12,13, 15,16 4 .13 19 11, 12, 15, 18
6205 %86 10.9 4, 5,7, 8,9, 12, 13, .15, 0.69 63 4,7,8, 12,35, 18

16, 21,23,24 22,23,25, 27
6218 6.88 10.1 3,4,5,7,8,9, 12, 13, 0.86 49 3,4,7,8, 12, 15,

15, 6, 24, 26 18
6229 9.39 8.3 5, 6,8, 9, 11, 12, 13, 15, 0.74 19 8, 11, 12, 15,18

16,22 22
6235 10.23 0.7 5, B,28 0.88 2 8
6254 6.63 11.5 3,4,5,7,8,9,11,13,15 0.92 67 3,4,7,8,1215

22, 23, 24, 26 18, 22, 23,25

S-The- quant-it-y -B-V was derived approximately indirectly accobrding

to [21].
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TABLE C. UBVI EQUIVALENTS AND E (B-V) COLOR EXCESSES /113

Cluster U-B Wt References V-I Wt References E (B-V). Wt

104 0.34 16 3, 18,21 1.42 8 2, 18 0.06 10
288 0.11 11 7 - - - 0.04 4
362 0.13 15 3 18,21 1.31 4 18 0.04 10

1251 0.12 9 16 - - - 0.02 a
Pal . - - - - 0.19 3
Pal 2 - - - 0.73 2

1851 0.14 16 10,,21 1.35 4 18 0.11 7
1904 0.04 18 11,18,21 1.19 4 18 0.01 4
2290 0.22 7 18,21 1.44 4 18 0.12 7
2419 0.11 15 7, 13, 18 1.20 8 12, 18 0.05 8
2808 0.27 15 3, 18, 21 1.69 4 10 0.3 7

Pal 3 - - - - - - 0.05 3
3201 0.38 14 3,18,21 1.64 4 18 0.21 6

Pal 4 - - - - - - 0.03 3
4147 0.06 13 15, 18 1.06 8 12,18 0.02 10

4372*) 0.28: 3 21 - - - 0.37 3
4590 0.03 17 3,18,21 1.18 8 12,18 0.08 5
4833 0.31 15 3, 18,21- 1.65 4 18 0.33 8
5024 0.06 29 3 18,21,23, 1.11 20 12,18,25 0.02 11

5053 - - - 1.16 4 18 0.05 6
5139 0.19 16 3, 1,21 1.36 4 18 0.12 13
5272 0.10 41 3 11 15,18, 1.15 20 12,18,25 0.02 28

52836 0.29 16 3, 18,21 1.51 4 18 0.20 7
5436 - - - 1.05 4 18 0.02 6
5634 0.13 19 10,15,18 1.25 6 12,13 0.06 8
5594 0.07 13 10, 18 1.27 8 12,18 0.12 7

IC 4499 - - - - - - 0.19 2
524 0.15 16 10, 18,21 1.3 8 12,18 0.15 7

Pal 5 - - - - - - 0.15 3
8597 0.05: 4 15 1.28 4 12 0.13 12
5904 0.12 53X 3,7 10,11,15, 1.19 20 12, 18,25 0.C5 22

18, 23, 25
5927 0.83 14 3, 10 2.09 4 18 0.50 4
5946 0.43 3 3 - - - 0.55 1
5986 0.30 16 3,18,21 1.61 8 12,18 0.25 7

1608+15 - - - - - - 0.13 2
6093 0.20 17 3,18,21 1.44 8 12,18 0.18 7
6101 - - . - - 0.26 1
6121 )0.44 14 3,18,21 1.84 8 12,18 0.36 9
6133 0.68 5 18,21 2.45 4 18 0.65 4
6144 - - - 1.42 4 12 0.22 3
6171 0.52 22 11,15,18,21 1.88 8 12,18 0.35 17
6205 0.06 52 7, 1 8,1,21, 1.12 23 12,18,25,27 0.02 ,2

23 27
6218 0.20 31 3,+, , 18,21 1.46 8 12, 18 0.18 17

6229 0.09 9 15, 18 1.25 8 12, 18 0.06 5

6235 - - - - - 0.24 1
6254 0.24 45 3,7 15,18,21, 1.0 20 12, 1, 25 0.26 17

23, 25

.. The_ quantity E (B-V) is not the same for individual sections
of the clusters.

.. ~ o i..1 2 1 10--GN 121
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TABLE C (CONTINUED) /114

Cluster V Wt References B-V Wt Referehees

625 - - - - -

Poa 15 -
S 626 6.53 4, 3 4 8, 9, , 13, 24,26 1.14 25 3, 8 12, 18
6273 6.83 9.2 3, 5,7,8,9, 12, 13, 22, 1.00 31 3,7, 8, 12, 18,22

24, 2, 28
6284 9.03 3.5 5,8, 9, 12, 28 0.97 11 8, 12, 18, 2
6287 9.44 3.4 5,8,9, 12, 28 1.26 8 8, 12
6293 8.39 8.3 3, 5, 7,8, 9, 12, 13, 28 0.97 27 3,7,8, 12, .18
6304 8.38 8.3 3, 5,7,8,9, 12,28 1.32 32 3,7,8, 12, 18,29,30
6316 9.00 7.6 457,8,9, 12, 28 1.30 12 7,8, 2,29
6325 10.73 3.4 5, 8, 9, 12, 28 169 6 12
6333 7.75 7.5 3, 5, 8,9, 11, 12, 13, 0.96 31 3, 8, 11, 12, .18

16, 26, 28
6341 6.) 13.6 4,5,7,8,9, 11, 12,13 0.63 53 4,7,8,11,12,15

15, 22, 23, 24 18, 2, 23, 25, 27
6342 0.10 3.4 5, 8, 9, 12,28 1.35 7 8,12
6352 6.40 1.4 3, 5, 17 103 15 3
6355 9.76 2.7 5, 12 1.58 9 12
6355 0.28 9.1 3, , 8, 9, 11, 12, 13 1. 14 51 3, 8, 11, 12, 8,:

16, 22, 23, 26, 20 22, 23, 25, 29
Trz 2 - - - - -

'63 2 8.23 0.9 3,5 0.90 13 3
6356 10.09 1.2 5,8, 15 1.60 4 8, .15

Trz 4 - -
HP I - - - 2.0: 2 29 -

6380 -
6388 6.64 164 3,5 1.16 18 3, 9

Trz 1 - - - -
Ton 2 - - - - -

6397 5.90 0.9 3, 5 0.76 18 3 19
6401 9.44 0.5 12 1.32 3 12
6402 7.49 13, 1 3, 5, 7, 8, 9, 11, 12, 13 1.25 44 3, 7, 8, $ 1, 12, 15

15, 16, 21, 23 18, 21, 23
Pal 6 13.6 0.1 20 3.4. 0.5 20

6425 11.48 21 5, 8,9, 15 0.99 10 8,12U 15
Trz 5 13.5 0.2 2, 31 4.0 1 20, 31

6440 9.39 3.4 5,8,9, 12,2 .97 14 8, 12 8,8, 2829
6441 .7.24 2.2 3,5,8,9,2 1.25 19 3,8,18

Trz 6 - - - - -
6453 9.77 .6 ,8, 12, 28 1 17 4 8, 12
6496 8.0 0. 1 20 1: 1 20

Tri 9 - - - -
6517 10.29 .1 5,7, 8,9, 12,15 1.81 14 7,8,12, %,29
6522 8.75 8.3 3, 5,7,8,9,.12, 2 1.2) 29 37, 8, 12. , 29
6528 9.67 2.8 5, 0, 9, 12, 28 1.43 12 8, 12 18, 29
6535 10.62 6.7 4 7, 8, 11, 15 0.96 13 7, 8, 11, 15, 29
6539 9.62 6.9 5, 8, 9, 11, 12, 15 1,9 1 IS 8, 11 , 12, 15
6541 6.91 0.9 3, 5 0.76 15 3
6544 8.30 1.6 12 1.45 9 12, 18
6553 8.13 7.7 5,7, 8,9, 12, 26, 28 1.63 14 7,8, 12, 18, 27, 29
6558 - - - - -

IC 1276 - - - - -
Trz I - - - - -

659 8.76 7.7 5, 7,8,9, 12,28 .29 9 7,8,12
6584 8.87 0.9 3, 5 0.79 15 3
6624 8.31 8.4 3,5,7,8,9, 12 2, 29 1.1o 28 3,7,8,12, 18, 29
6626 6.99 2.7 3, 5,7, 89, 12, 13, 24 1.09 30 3, 7, 8, 12 18, 22

,, 25, 2
6637 7.79 4.4 3, 58,09, 12,26, 20 1.02 24 3, 8, 1& 18
6638 9.03 7.7 5,7,8,9,.1213,26,2M 1.12 13 7, 8, 128,29

122 00I L1%n
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TABLE C (CONTINUED) /115

Cluster U-B Wt References V-i Wt References E(B-V) Wt

6256 - -
Pal 15 - -

62660) 0.52 16 3, 18,21 2.10 8 12.18 0.42 6
6273 0.35 23 3,7, 18,21 1.73 8 12,18 0.36 5

6284 0.36 4 18, 21 1.72 8 12, 18 0.29 5
627 - - - 2.33 4 12 0.52 3

6293 0.27 23 3,7,18,21 1.68 8 12,18 0.35 6
6304 0.82 23 3,7, 18, 21 2.26 8 12, 18 0.50 7
6316 0.57 12 7 2.42 4 12 0.60 5
6325 - - 2.82 4 12 0.92 3
6333 0.30 25 3,11,18,21 1.75 8 12, 18 0.39 6

6341 0.02 53 7,11,15,18,21, 1.10 23 12,18,25,27 0.03 25
23,25, 27

6342 - - 1.95 4 12 0.50 3

6352 0.61 10 3,21 - 0.34 6

6355 - - 2.36 4 12 . 0.70 3

6356 058B 45 3,11,18,21,23, 1.85 20 12,18,25 0.32 14
25

STr 2 - - - - - - 1,2: 1

6362 0.29 12 3 21 - - - 0.15 7

6366 0.99 5 1 - - - 069 2
iTrt 4 - - - - - 1.9: 1

HP I - - 1.2 1. S

6380 - - 0.7;

6388 0.62 14 3,21 - - - 0.36 3
Tr I - - - 2.4: 0.5

Ton 2 - - - - - - 0.65: 0.5

6397 0.15 14 3,21 - - 0.15 12

6401 - - - 2.52 2 12 0.74 1

6402 0.60 34 3,7, 15, 18,21, 2.10 8 12,18 0. 0 16
23

Pal 6 - - - - 2.7: 0.5

6426 0.32 6 15 1.66 4 12 0.30
Tr, 5 - - - 6.8 1 31 3.1

6440 0.9 7  0 18 3.23 16 12, 18, 28 1.14 3
6441 0.79 16 3,18,21 2.16 4 10 0.4- 4

Tx 6 - - - -

6453 - - 2.53 2 12 0.66 2

6496 - - - - - 04: 1

Tex 9 - "

651'7 0.99 10 7,15 3.04 4 12 1.00 6
6522 0.64 19 3 7,12,17 1.95 8 12, 18 0.47 11
6528 0.95 4 2.28 8 12, 18 0.66 7
6535 0.34 7 7 15 -. 33 4

6539 1.16 1 1t 2.93 4 12 1.06 4
6541 0.14 14 3,21 - - 0.17 7
6544 0.68 4 18 2.50 8 12, 1 0,72 ,
6553 1.06 7 7,18,21 2.89 16 12, 10,27 O.d2 6
6558 - - - - - 0.4:

IC 1276 - - - 07: 1
T rz 11. - - - --

6569 0.54 8 7,21 2.12 4 12 0 52 4
6584 0.17 14 3,21 - - 0.06 3

6524 0.57 23 3,7, 18,21 1.84 8 12, 18 030 7
6626 0.45 25 3,7, 18, 21 1.82 8 12, 18 0.38 9

6637 0.48 15 3,18,21 1.68 8 12,18 0.18 .
6638 0.54 10 7,18,21 1.92 8 12,18 0.37 8

• Th -- hainit'ityE (B-V) is not the same for individual esdtibhs
of the clusters.
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TABLE C (CONTINUED) - /116

Cluster V Wt References B-V Wt References

6642 8.8 0.1 20 1.12 3 18
6652 8.93 4.2 3,5,8,9,12, 28 0.89 23 3,812, 18
6656 5.07 8.6 3, 5,7,8,9, 12, 13, 22, 1.00 29 3 7,8, 12, 18,

24,26 21
Pol 8 - - -- -

6681 8.18 4.2 3,5,8,9,12, 26 0.72 24 3,8,12,18
6712 8.13 8.9 3,5,8,9,11,12,13,15, 1.14 41 3,8,11,12,15,

23, 26 18 23 29
6715 7.61 4.2 3,5,8,9,12, 25 0.84 25 3,8, 12, 18,29
6717 -38.- -1,19.

6723 .26 4.2 3,5,8,9,12, 26 0.74 27 3,8,12,18,19,32
6749 1.07 0.7 15 1.63 2 15
6752 5.76 2.8 3,5, 19 0.66 22 3,32
6760 9.08 6.9 5,8,9.11,12,15. 1.68 17 8, 11,12,15,27,29

Ta 7 -- 8 ., ,-,
6779 8.21 6.7 5,8,9,11,12,13, 22 0.87 32 8 11,12,18,22.25,

29
Pet 10 - -

a09 6.33 7.3 5,7,9,12, 24 0.69 25 3,7,8,12,18
Pol 11 - - -

6838 8.28 4.5 3,6,12, 1, 22 1.12 26 3,12,15 18, 22
6884 8.52 4.6 3, 5,8,9, 12,22 0.86 29 3,8, 12,122,29
6934 9.03 7.7 5,8,9, 11,15, 16, 18, 22 6.77 22 8,11,12,15,18,

22, 29
6981 9.35 4.1 5,8,9,12,15 0.74 14 8, 12,15, 18,29
7006 10.67 12.1 5,6,7,8,9,11,12,15, 0.74 28 7,8,11,12,15,18,

22 22,29
7078- 6.48 10.8 3,4,5,6,7,8,9, 12, 13, 0.68 61 3,4 7,8,12,15,

15,22,24 18,22,25,27
7089 6.50 10.8 3,4 5,6,7,8,9,12, 13, 0.68 60 34 7,8,12,18,

15, 2, 24 1&,22,25,27
7099 7.56 9.1 3,5,6,7,8,9,12,13,22 0.60 31 3,7,8,12,18,22

Poa 12 - - -

Pot 13 14.5 0.2 17,20 0.7: 1 20
7492 11.48 5.9 5,6,7,8,9 0.40 5 7,8

References to the Table C

1. Cascoigne, S.C.B., et al., 10. Bergh, S. van den, et al.,
1956 1968

2. Kron, G. E., 1966 11. Rousseau, J., 1964

3. Bergh, S. van den, 1967 12. Kron, G. E., et al., 1960
4. King, I. R., 1966 :13. Wilkens, H., 1937
5. Sawyer, H. B., et al., 1927 14. Arp, H. C., 1965
6. Kron, G. E., 1973 15. Zaytseva, G.V., et al., 1974

7. Johnson, H. L. 1959 16. Fehrenbach, C., 1948
8. Stebbins, J., et al., 1936 16a. Vaucouleurs, G. de, 1959
9. Christie, W.H., 1940
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TABLE C Lb(CONTINUED)J

Cluster U-B Wt References V-I Wt References E(B-V) t /117

6642 0.47 5 18, 21 1.86 4 18 0.38 3
6652 0.36 16 3, 18,21 1.44 8 12, 18 0.13 6
6656 0.28 23 3,7,18,21 1.83 8 12,18 0.38 14

Pol 8 - - - - 0.6 1
6681 0.14 16 3, 18,21 1.31 8 12, 18 0.04 6
6712 0.53 33 3, 11, 15, 18, 2.00 8 12, 18 0.44 14

21, 23
6715 0.24 17 3, 18,21 1.44 8 12, 18 0.15 7
6717 - - 0.4: 1
6723 0.26 16 3,18,21 1.36 8 12,18 0.03 14
6749 - - - - - - 0.92 2
6752 0.08 14 3 21 - - - 0.04 7
6760 0.8: 0 11 2.80 14 12,27 0.92 5

Trz 7 - - - - -
6779 0.21 30 11,18,21,25 1.48 20 12,18,25 0.21 11

Pal 10 - - - - - 0.8: 1
1926-30 - - 0.18 2

6809 0.12 32 3,7,18,21 1.27 8 12,18 0.08 11
Pol 11 - - - - - 0.24 2

6838 0.53 19 3, 15,18,21 1.81 8 12,18 0.32 12
6864 0.28 17 3, 18 21 1.52 8 12,18 0.17 7
6934 0.20 18 11, 15,18 1.24 8 12,18 0.17 14

6981 0.11 7 15,18 1.28 8 12,18 0.06 13
7006 0.15 30 7,15,18,21 1.22\. 8 12, 18 0.05 12

7078 0.06 53 3,7,15,18,21, 1.18 23. 12,18,25,27 0.09 21
25 27

7089 0.08 55 3,1, 15, 18,21, 1.17 23 12, 18, 25,27 0.06 18
25,27

7099 0.04 29 3,7,18,21 1.10 8 12,18 0.06 14
Pal 12 - - 0.07' 2
PaI 13 - - - - - - 0.02 2

7492 0.22 2 7 - - - 0.02 9

References to the Table C

17. King, I. R., 1974 25. Faber, S. M., 1973.
18. Guetter, H. H., 1973 26. Vorontsov-Velyaminov, B.A.
19. Koehler, J. A., 1965 1929
20. Kukarkin, B. V., 1974. 27. Stebbins, J., 1950
21. McClure, R. D., et al., 1968 28. Wallenquist, A., et al.,
22. Bergh, S. van den, et al., 1944.

1962. 29. Dufay, J., et al., 1959

23. Neff, J. S., 1970. 30. Arp, H. C., 1958.
24. Vyssotskiy', A. N., et al., 31. Wing, R. F., et al., 1973

1933 32. Gascoigne, S.C.B., et al.,
1963
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NOTES TO TABLE C

/123
4372 The quantity B-V was calculated indirectly on the basis

of [21].....

6121 E(B-V) is not the same for individual sections of the

cluster.

6266 E(B-V) is different for different parts of the clusters.

6341 Similari.ty with the x-ray source 3U 1736+43 is not

excluded.

Trz 5 IRC-20385; K = 2.21; I-K = 5.23.

7078 In the center of the cluster a strong IR source was dis-

covered :,at a wavelength of 10.2 (McGregor et al., 1973).

Similarity with the x-ray source 3U 2131+11 is not

excluded.
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TABLE D. SPECTRA AND METAL CONTENTS

Cluster Sp(CII/IH) Wt References [rn/Il] Wt References

104 G2.6 8.6 ., 2,3,4,5 -0.52 2.0 1,4,5,11,13,14,15
288 (F6) 2.0 5 -1.37 0.6 1,5,13
362 F8.3 8.6 1,2,3,4,5 -0.98 1.7 1,4,5,11,13,14,15

1261 F7.7 8.0 1,2,5 -1.25 0.8 5,11 13
1851 F7.0 6.5 1,4,5,6 -1.00 1.0 1,4,5,11,13
1904 F5.7 8.5 1,4,5,6,7 -1.46 1.1 1,4,5,7
2298 F6.7 3.5 4,5,6 -1.46 1.3 4,5,11,13
2419 F5o5 4,0 5,6,7 -1.48 0.6 5,7
2808 F7.2 8.5 1,2,4,5 -1.38 1.2 1,4,5,11
3201 (Fg) 2.5 4,5 -1.36 1.6 1,4,5,11,13, 14

Pal 4 (F6) 0.5 5 -1.15 0.6 11,13
4147 F3.8 4.0 5,6,7 -1.56 1.8 1,5,7, 11,13, 14
4372 (F3) 1.0 4,5 -1.59 1.0 1,4,5,11,13
4590 F2.7 4.5 4,5,6,7 -1.95 1.3 4,5,7,1 14
4333 (F4) 2.5 3,4,5 -1.67 1.4 1,4,5,11,13
5024 F4.2 9.0 4.5,6,7,8,9 -1.75 4.1 1.4 5,7,8,9,10,

10 11, 12, 13, 14
5053 (F3) 2.0 5 -1.87 1.1 1,11 13,14
5139 F6.6 7.6 1,3,4,5,8 -1.55 2.4 1,4, ,8,11,13,14,15
5272 F6.1 900 3,4,5,6,7,8 -1.44 4.3 1,4,5,7,8,9,10,11,

9,10 12,13,14
5286 F7.3 7.5 1,2,4,5 -1.25 0.8 1,4,5
5466 (FS) 1.7 5 -1.87 1.2 1,1',13,14
5634 F5.1 2.5 5,6 -1.50 0.4 5
5694 F3.0 3.5 5,6,7 -1.92 0.6 5,7
5824 F4.3 5.0 4,5,6,7 -1.79 1.0 4,5,7
5897 (F3) 2.0 5 -1.85 1.4 1,5,11, 13,15
5904 F6.1 9.0 4,5,6,7,8,9, -1.34 4.5 1,4,5,7,8,9,10,

10 11,12,13,14,15
5927 G2.8 5.0 1,4,5 +0.9 0.8 4,5
5946 (FS) 0.8 5 -1.6: 0.2 5
5986 F6.3 7.5 2,4,5,6,7 -1.39 0.9 4,5,7
6093 F5.9 6.0 4,5,6,7,9 -1.45 2.2 1,4,5,7,9, 12
6121 F6.9 35 4,5,7 -1.11 2.4 1,4,5,7,11,13,14,15
6139 F8.7 5.0 1,4,5 -0.70 0.7 4,5
6144 (F7) 0.5 5 - -
6171 GO.0 4.5 4,5,6,7 -0.80 1.8 4,5,7,11,13,14
6205 F5.4 9.0 3,4,5,6,7,8, -1.53 4.1 1,4,5,7,8,9,10,

9,10 11, 12, 13 14
6218 F5,7 5.0 4,5,6,7,9 -1.52 1.8 1,4, 5,7,9,11, 13
6229 F7.3 7.0 5,6,7,8 -1.36 1.9 5,7,8,12, 14
6235 (F5) 0.2 5 - -

6254 -6.4 6.1 3 4,5,6,7,9, -1.47 3.7 145,7 8,9,10,1 1, 12, 15
6266 F8.1 14.5 1,2,4,5,6,7,8 -0.99 1.3 1,4,5,7,14
6273 F5.3 8.6 3,4,5,6,7,8 .- 1.23 1.8 4,5,7,8,12
6284 F7.8 7.0 4,5,6,7,8 -1.30 0.8 4,5,7
6287 (G3) 0.4 5 - -
6293 F4.1 7.0 4,5,6,7,8 -1.74 0.9 4,5,7
6304 G4.6 7-0 4,5,6,7,8 +0.08 0.9 4,5,7
6316 (F9) 1.5 5 -0.89 0.5 4,5
6325 (G1) 0.3 5 -
6333 F2.8 7.0 4, 5,6,7,8 -1.71 1.0 4,5,7, 14
6341 F2.8 9.0 4,5,6,7,0,9 -1.99 4.4 1,4,5,7,8,9,10,

10 11,12, 13,14
6342 jG2) 0.3 5 - -
6352 (G2 2.3 4,5 -0.11 1.0 4,5,11,13
6355 (G4) 0.3 5 - - -

6356 G3.4 11.1 3,4,5,6,7,8 -0.21 3.5 4,5,7,8,9,10,
9,10 11,12,13

-ORIGIN-AlPAGE IBS
OF POOR QUALITY
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TABLE D (CONTINUED')
Cluster Sp(CII/Hy) Wt References [m/I1] Wt References

/119
6362 (F9) 1.9 4,5 -1.09 1.5 1,4,5, 11, 13,14
6366 (G5) 0.5 5 ±0.1: 0.2 5

HP 1 (G5): 0.1 5 - -
6388 G2.5 7.6 1,2,3,4,5 -0.10 0.8 1,4,5
6397 F4.8 8.1 1,2,3,4,5 -1.48 1.5 1,4,5, 11. 13
6401 (F4) 0.2 5 - -
6402 F8.1 5.0 4,5,6,7,9 -1.14 3.0 4,5,7,3,11,13,14
6426 (F6) 1.0 5 -1.57 0.4 5

Trz 5 (G6) 0.1 5 - -
6440 G4.6 7.7 5, 6, 7, 8 -0.24 0.9 5, 7,8
6441 G2.6 9.1 2, 3, 4, 5, 6, 8 -0.02 0.7 4, 5
6453 MF 0.3 5 - - -
6517 G2 1.1 5 -0.5: 0.3 5
6522 8.7 4.6 3, 4, 5,6,7 -0.86 1.8 4, 5,7, 8, 11, 13
6528 G3.4 3.2 3,4,5,7 +0.06 1.3 1,4,5,7,11
6535 (F6) 0.8 5 -0.7:: 0.1 5
6539 (G3) 0.7 .5 +0.1:: 0.1 5
6541 F5.4 8.1 1,2,4,5 -1.61 1.3 1,4,5,11, 13
6544 F8.8 2.1 5.6 -0.94 0.4 5
6553 G3.2 3.6 3,4,5,7 -0.22 1.6 4, 5,7,8,11, 13
6569 (GO) 1.6 5 -0.81 0.5 4, 5
6584 G0.2 7.5 1, 24, 5 -1.00 0.6 4, 5"
6624 G2.5 7.0 4,5,6,7,8 -0.24 0.9 4,5,7
6626 F8.5 7.0 4,5,6,8,9 -0.90 1.7 4,5,9, 12
6637 G4.8 12.6 2, 3,4,5,6,7,8 -0.18 1.8 4, 5,7, 8, 11,1.3
6638 G0.7 6.0 4, 5, 6, 8 -0.65 0.6 4, 5
6642 F9.2 3.2 3,4,5,7 -0.82 1.1 4,5,7
6652 G1.3 6.0 4, 5, 6, 8 -0.68 0.7 4,5
6656 F4.8 5.1 3, 4, 5,6,8,9 -1.68 3.3 1, 4,5, 7,8, 9, 11,

12, 13, 14, 5
6681 F7.7 6.0 2, 4, 5, 6 -1.34 0.7 4, 5
6712 GO0.3 7.6 3,4, 5,6,7,8 -0.83 1.8 4,5,7,8, 11, 13
6715 F7.9 11.6 1, 2.3,4,5,6,7 -1.17 1.4 4, 5,7,8, 14
6723 F9.8 3.6 3,4,5,6 -0.79 1.1 4,5, 11, 1 14
6749 (F8) 0.1 5 - -
6752 5.6 8.3 1,2,3,4,5 -1.52 1.6 1,4,5,11, 13,15
6760 (GO) 1.2 5 -0.76 0.5 1, 5
6779 F4.6 5.5 4,5,6,7,10 -1.77 3.2 1,4,5,7,10,11,12,13
6809 F4.7 3.6 3, 4, 5, 7 -1.55 1.4 1, 4, 5, 7, 8
6839 G2.1 7.1 3, 4, 5,6, 8,9 -0.36 2.7 4, 5,8, 9, 11, 12, 13
6864 F8.2 7.5 1,4,5,6 -1.18 1.3 4,5, 12
6934 F5.7 3.0 5, 6 -1.49 1.8 5, 11, 12, 13
6981 F7.5 3.1 3,5,6 -1.38 1.4 5,8, 11, 13,14
7006 F4.9 4.5 4,5,6,7 -1.50 2.6 4,5,7,8,11,12,13, 14
7078 F32 12.1 1,3,4,5,6,7, -2.02 4.5 1,4,5,7,8,9, 10, 11,

8,9, 10 12, 13, 14
7089 F4.0 10.1 1,3,4,5,6,7, -1.72 4.2 1, 4,5,7,8,9, 10, 11,

9,10 13, 14, 15
7099 F2.8 11.5 1,2,4,5,6,7 -1.78 2.3 1,4,5,7,11,12.13

P li 13 (F6) 0.1 5 -1.25:: 0.1 11, 14
7492 (FS) 0.2 5 -1.2: 0.6 5, 11, 13

References to the Table D

1. Kinman, T. PI, 1959b. 9. Johnson, H. L., et al., 1969
2. Andrews, P. 'J., et al., 1973' 10. Faber, S.-M., 1973.
3. Gascoigne, S.C.B., et al., 1963 11. Kukarkin, B.V. 1974b
4. McClure, et al., 1968 12. Bergh S. van den, et al. ,
5. Kukarkin, B. V., 1974 a 1962
6. Mayall, N. U., 1964 13. Kukarkin, B.V., 1974c
7. Bergh S. van den . 1969 14. Kukarkin, B.V., 1974d
8. Morgan, W. W., 1959 15. Eggen, 0. J., 1972
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TABLE E. DIAMETERS AND APPARENT DISTANCE MODULI /120

Mod
Cluster Ig d Wt References app Wt Methods of determination

104 1.49 7 1,2,3,4 13.12 3,8 2,3,4,5,6,7,8
288 1.14 25 1, 2, 3, 4, 5, 6 14.44 0.3 4,6,7,8
362 1.11 7 1,2,3,4 14.57 3.1 1,2,3,4,7,8

1261 0.84 6 1,2,4 15.55 2.8 1,2,7,8
Pal 1 0.25 16 1,4,7 18.9 0.04 3,7,8
Pal 2 0.28 14 4,7 19.3 0.04 2,7,8

1851 1.04 11 1,2,3,4 15.17 2.7 1, 2, 4, 7, 8
1904 0.94 31 1,2,3,4,5 15.60 0.4 1,3,4,7,8
2298 0.83 16 2,3,4,5 15.39 1.4 1,2, 47, 8
2419 0.61 28 12, 3, 4,5,6 19.07 0.7 1,3,6,7,8
2808 1.14 7 1, 2, 3, 4 15.66 2.5 1, 2, 3, 4,7, 8

Pal 3 0.44 15 1,4,7 19.5 0.2 1,2,7,8
3201 1.26 17 1,2,3,4 13.77 3.1 1,2,7,8

Pol 4 0.33 15 1,4,7 19.24 1.5 1,2,6,7,8
4147 0.60 33 1, 2,3,4, 5,6,8 16.37 3.2 1, 2,3, 4, 7, a
4372 1.27 6 2, 3, 4 14.31 2.6 1, 2,7,8
4590 1.08 33 1, 2 4, 5,6, 8 15.24 0.6 1, 3, 4, 7, 8
4833 1.13 7 2, 3,4 14.54 3.0 1, 2,4,6,7,8
5024 1.10 34 1, 2, 3,4,5,6,8 16.17 3.4 1, 2,3, 4,5,6,7,8
5053 1.02 24 1, 2, 4, 5 15.75 1.6 1,2,3,7,8
5139 1.56 8 1,2 , 3,4 13.81 4.2 1, 2,4,6,7,8
5272 1.21 32 1, 2, 3,4, 5,6,8 14.79 4.4 1, 2, 3, 4,6,7, 8,9
5286 0.96 6 2, 3, 4 15.4 0.2 4,7,8
546S 1.04 30 1, 2, 4, 5, 6 15.83 3.1 1,2,3,7,8
5634 0.69 28 1, 2, 3,4, 5 16.59 0.3 1, 3,7, 8.
5694 0.56 28 4, 5, 8 17.9 0.2 3,7,8

IC4499 0.88 6 2,4 15.3 0.02 7,8
5824 0.79 24 1, 2,3,4, 5,8 17.12 0.4 1, 7,8

Pal 5 0.84 15 1,4,7,9 16.3 0.1 1, 3,7,8
5897 1.10 35 1, 2, 3,4,5,8 15.56 3.0 1, 2,3,4,6,7,8
5904 1.24 34 1,2,3,4,5,8 14.29 4.0 1, 2, 3,4,6,7,8
5927 1.08 6 2, 3, 4 15.52 0.4 6, 7, 8
5946 0.85 5 2,4 16.2 0.1 4,7,8
5n6 0.99 17 1, 2, 3, 4, 5,8 15.4 0.2 1, 4, 6, 7, 8

1609+15 0.32 12 1,4 -
6093 0.95 35 1, 2, 3,4,, 8 15.47 0.5 1,4,7,8,9
6101 1.03 6 2.3 4 14.6 0.03 4,7,8
6121 1.42 35 1,23, 4 58 12.53 3.0 1,2,3,6,7,8
6139 0.74 9 2,4 16.9 0.06 7,8
6144 0.97 34 2,3,4,5,8 15.0 0.1 3,4,7,8
6171 1.00. 33 2,3,4,5,8 14.65 3.3 1,2,3,4,6,7,8
6205 1.22 31 1, 2,3,4,5,8 14.06 3.2 1, 2,3,6,7,8, 9
6218 1.16 34 1, 2, 3, 4, 5,8 14.17 2.9 1, 2,3,4,7,8,9
6229 0.65 32 1,2,3,4,5,6,8 16.15 0.5 1,3,6,7,8,9
6235 0.70 22 2,3, 4 16.3 0.1 3,7,8
6254 1.18 33 1,2,3,4 5,8 13.97 3.0 1, 2,3, 4,7,8,9
6266 1.15 35 2,3,4,5,8 1544 0.65 1,3,4,7,8
6273 1.13 26 2, 3, 4, 5,8 15.10 0.23 3,4,7,8
6284 0.75 26 2,3,4,5,8 16.22 0.25 3,4,7,8
6287 0.71 26 2,3,4,5,8 16.0 0.1 3,7,8
6293 0.90 26 2,3,4,5,8 15.91 0.25 3,4,7,8
6304 0.83 26 2,3,4,5.8 15.5 0.15 4,7,8
6316 0.69 28 2,3,4, 5,8 1.8 0.1 7,8
6325 0.63 26 2.3,4,5,0 .17.5 0.1 7,8
6333 0.97 34 1,2,3,4,5,8 15.57 0.45 1,3,4,7,8
6341 1.05 30 1,2, 45,8 1443 3.0 1, 2,3,7,8
6342 0.47 26 2,3,4,5, 18.3 0.1 7,8
6352 0.85 6 2,3,4 13.90 2.8 1,2,4,6,7,8
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TABLE E (CONTINUED)

/121

Cluster Igd Wt References ModV Wt Methods of determinatiot

6355 0.70 18 4,8 16.4 0.1 7,8
6356 0.86 34 2,3,4,5,8 16.37 3.0 1,.2,3,4,5

Trz 2 0.17 7 4 - -
6362 1.03 9 1,2,3,4 14.14 2.9 1,2,4,7,8
6366 0.92 22 1,2,4,5 14.7 0.1 3,7,8

Trz 4 0.00 4 4 - -
HP 1 0.46 9 4 - - -

6380 0.59 5 4 - - -
6388 0.94 8 2,3,4 14.9 0.1 7,8

Tr= 1 0.44 4 4 - - -
Ton 2 0.53 4 4 - -

6397 1.41 7 1,2,3,4 11.90 2.7 1,2,3,4,7,8
6401 0.75 20 2,4 16.3 0.1 7,8
6402 1.07 34 1,2, 3, 4, 5,8 16.43 4.55 1,2,3,6,7,8,9

Pal 6 0.86 14 4,7 19.3 0.03 3,7,8
6425 0.50 23 2,4,5 17.08 0.3 1,7,8

Trz 5 0.32 2 4 23.0 0.01 7,8
6440 0.73 23 2,4,5,8 17.1 0.1 7,8
6441 0.89 16 2,3,4,5 16.0 0.2 4,7,8

Trz 6 0.07 4 4 - -
6453 0.54 12 2,3,4 17.9 0.1 7,8
6486 0.84 6 2,3,4 14.4 0.04 4,7,8
6517 0.63 21 2,4,5,8 18.2 0.1 7,8
6522 0.75 24 2,4,5,8 15.22 2.8 1,2,4,7,8
6528 0.57 24 2,4,5,8 1591 1.7 1,2,4,7,8
6535 0.56 19 2,4 15.7 0.2 3,7,8
6539 0.84 24 1, 2, 4, 5,8 16.0 0.1 7, 8
6541 1.12 11 1,2,3,4 14.32 2.8 1, 2, 3, 4,7,8
6544 0.95 18 4,8 15.1 0.15 4,7,8
6553 0.91 25 2,3,4,5,8 15.1 0.1 7,8
6558 0.57 17 4 - -

Ic 1276 0.85 16 1,4,7.9 18.0 0.2 1,3,6.7,8
6569 0.76 21 2,4,5,8 15.7 0.1 7,8
6584 0.90 6 2,3,4 15.7 0.15 4,7,8
6624 0.77 21 2,4,5,8 16.2 0.1 7,8
6625 1.05 27 2,3,4,5,8 14.96 0.65 1, 3,4,6,7,8,9
6637 0.85 25 2,3,4,5,8 14.53 2.8 1,2,4,5,6,7,8
6638 0.70 34 2,3,4,5,8 16.7 0.15 3,7,8
6642 0.65 20 2.4 16.1 0.05 4,7,8
6652 0.55 17 2,3,4.5,8 16.6 0.15 4,7,8
6656 1.38 35 1, 2,3, 45,8 13.33 3.2 1, 2,3,4,6,7,8,9

Pal 8 0.67 16 4,7 - -
6681 0.89 25 2,3,4,5,8 15.7 D.i5 4; 7,
6712 0.86 22 24,5, 8 15.09 3.4 1,2, 3,4,5,6,7,8
6715 0.96 26 1,2,3,4,5,8 16.20 0.5 1,6,7,8,9
6717 0.59 14 4,7 - -
6723 1.04 26 1,2, 3,4,5,8 14.63 3.4 1, 2, 3,4,6,7,8
6749 0.80 12 4 16.3 0.08 7,8
6752 1.31 7 1,2,3,4 13.11 2.8 1,2,3,7,8
6760 0.82 21 2,4.5,8 15.9 0.2 3,7,8
6779 0.85 30 2,3,4,5,8 15.37 2.9 1, 2,3,4.6,7,8,9

Pal 10 0.54 14 4,7 - -
192-30 0.57 12 4

6809 1.28 33 1, 2, 3, 4,5,8 13.6 0.2 3, 7,8
Pal 11 0.50 15 4,7,9

6838 0.86 23 4,5,08 13.39 2.9 1,2,3,4,6,7,8
6864 0.78 33 2, 3,4, 5,8 17.0 0.15 3,7,8
6934 0.77 32 1,2,4,5,8 16.03 3.2 1,2,3,4,7,8
6981 0.77 34 1, 2, 3,4, 5,8 10.12 3.0 1,2, 3,7,0
7006 0.45 32 1, 2, 4, 5, , 8 17.91 3.3 1,2,3,6,7,8
7078 1.09 35 1,2,3,4,5,6,8 15.22 3.7 1,23,4,7,8,9
7089 1.11 34 1,2, 3,4,5,6,8 15.43 3.4 1, , 3,4.7, 8,9
7099 1.04 35 1,2,3,4,5,6,8 14.52 2.9 1,2,3,4,7,8

Pol 12 0.43 15 4,7,9
Pat 13 0.25 15 4,7,9 1670 1.1 1,7

7492 0.79 25 1,2,4,5,9 16.18 2.9 1,2, ,7,0,9
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References for diameter measurements

1. King, I. R., et al., 1968 6. Kron, G. E., 1973 /122
2. Shapley, H., et- al., 192-7b -7. Abbell,-G-. 0.,- 1955
3. Shapley, H., et al., 1935 8. Kron, G.E., et al, 1960.
4. Kukarkin, B. V., 1974e 9. Kinman, I.D., et al., 1962

5. Mowbray, A. G., 1946

<'Methods of determining distance lmoduli

1. RR Lyrae , and horizontal branch stars.

2. The bright stars (Table 10 of this book).

3. The bright stars according to S. van den Bergh, 1965.

4. Moduli according to visual determinations of S. van den Bergh,

1967.

5. Mira-Cetus type stars.

6. Red variable stars.

7. The diameters of globular clusters.

8. Richness indices IR,

9. Cepheids.

NOTES TO TABLE E

/123
Table E does not include the Mod values for the

app
following clusters, since their accuracy is very low.

1608+15 18.6:: Trz I 22.2:: 6717 , 15.3::
Trz 2 20.6:: Ton 2 18.2:: pal to 18.5
Trz 4 23.4:: Trz 6 20.2:: 1925-30 1 S.-:
liP I 18.5:: 6558 16.3: Pal 1 16.7:
6380 17.0:: Pal 8 18.0: Pal 12 16.8:
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/12 4

TABLE F. GENERAL DATA

Cluster V B-V U-B V-I Sp rin/H] C
Cluster I I C luster

104 4.04 0.86 0.34 1.42 G2.6 .-0.52 104
288 8.56 0.66 0. 11 - F6) -. 37 288
362 6.42 0.76 0.13 1.31 F8.3 -0.98 362

1261 8.64 0.70 0.12 - F7.7 -1.25 '1261
Pal 1 - - - . . - Pal 1

Pal 2 - 1.5: - - - Pal 2
1851 6.70 0.77 0.14 1.35 F7.0 -1.00 1851
1904 7.84 0.60 0.04 1.19 F5.7 -1.46 1904
2298 9.44 0.74 0.22 1.44 F6.7 -1.46 2298
2419 10.80 0.68 0.11 1.20 FS.5 -1.48 2419

2808 6.13 0.91 0.27 1.69 F7.2 -1.38 2808
Pol 3 14.5 0.6: - - - Pal 3

3201 7.10 0.97 0.38 1.64 (F9) -1.36 3201
Pal 4 14.5 0.6: - - (F6) -1.15 Pal 4

4147 10.28 0.62 0.06 1.06 F3.8 -1.56 4147

4372 8.0 0.87: 0.28: - (F3) -1.59 4372
4590 8.25 0.66 0.03 1.18 PF27 -1.95 4590
4833 7.36 0.96 0.31 1.66 (F4) -1.67 4833
5024 7.71 0.65 0.06 1.11 F4.2 -1.75 5024
5053 9.98 0.63 - 1.16 (F3) -1.87 5053

5139 3.65 0.79 0.19 1.36 F6.6 -1.55 5139
5272 6.41 0.69 0.10 1.15 F6.1 -1.44 5272
5286 7.48 0.90 0.29 1.51 F7.3 -1.25 5286
5486 9.35 0.75 - 1.05 (F5) -1.87 5466
5634 9.58 0.68 0.13 1.25 F51 -1.50 5634

5694 10.17 0.72 0.07 1.27 F3.0 -1.92 5694
IC 4499 10.7 0.8: - - - IC 4499

5824 8.96 0.76 0.15 1.38 F4.3 -1.79 5824
PlI 5 11.6: - - - Pal 5

5897 8.59 0.75 0.05: 1.28 (P3) -1.85 5897

5904 6.03 0.71 0.12 1.19 F6.1 -1.34 5904
5927 7.95 1.31 0.83 2.09 G2.8 +0.09 5927
5946 9. 11 1.19 0.43 - F5) -1.6: 5946
5986 7.53 0.89 0.30 1.61 F6.3 -1.39 5986

1608+15 - - - - -. 160+15

6093 7.31 0.84 0.20 1.44 F5.9 -1.45 6093
6101 8.9: 1.0: - - - - 6101
6121 5.96 1.04 0.44 1.84 F.9 -1.11 6121
6139 8.99 1.38 0.68 2.45 F8.7 -0.70 6139
6144 9.07 0.94 - 1.42 (F7) - 6144

. ORIGINAlD PAGE IS
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TABLE F (CONTINUED) /125

Cluster E(B-V) Mod p Igd p M luse

104 0.06 1296 3.9 1.49 35 -9.08 104
288 0.04 14.32 7.3 1.14 29 -5.88 288
362 .0.04 14.45 7.8 1.11 29 -8.15 352

1261 0.02 15.49 12.5 0.84 25 -6.91 1261
Pal 1 0.19 18.3 46 0.25 24 - P0! 1

Pal 2 0.73 17.1 26 0.28 14 - Pol 2
1851 0.11 14.84 9.3 1.04 30 -8.47 1851
1904 0.01 15.57 13.0 0.94 33 -7.76 1904
2298 0.12 15.03 10.1 0.83 20 -5.95 2298
2419 0.05 18.92 61 0.61 72 -8.27 2419

2808 0.30 14.76 9.0 1.14 36 -9.53 2808
Pal 3 0.05 19.4 76 0.44 61 -50 Pal 3

3201 0.21 13.14 4.2 1.26 22 -6.67 3201
Pal 4 0.03 19.15 68 0.33 42 -4.7 Pat 4

4147 0.02 16.31 18.3 0.60 21 -6,09 4147

4372 0.37 13.2 4.4 1.27 24 -6.8 4372
4590 0.08 15.00 10.0 1.08 35 -6.99 4590
4833 0.33 13.55 5.1 1.13 20 -7.18 4833
5024 0.02 16.11 16.7 1.10 61 -8.46 5024
5053 0.05 15.60 13.2 1.02 40 -5.77 5053

5139 0.12 13.45 4.9 1.56 52 -10.16 5139
5272 0.02 14.73 8.8 1.21 42 -8.38 5272
5286 0.20 14.8 9.1 0.96 24 -7.9 5286
5466 0.02 15.77 14.3 1.04 46 -6-48 5466
5634 0.06 16.41 19.1 0.69 27 -7.0 5534

5694 0.12 17.5 32 0.56 34 -7.7 5694
IC 4499 0.19 14.7: 9.7: 0.88 20 -4.6: 1 C 4499

5824 0.15 16.67 21.6 0.79 39 -8.16 5824
Pat 5 0.15 15.9 15.1 0.84 30 -4.7: Pal 5

5897 0.13 15.17. 10.8 1.10 40 -697 5897

5904 0.05 14.14 6.7 1.24 34 -8.26 5904
5927 0.50 14.02 6.4 1.08 22 -7.57 5927
5946 0.55 14.6 8 0.85 17 -7. 1 5945
5986 0.25 14.7 8.7 0.99 25 -7.9 5986

1608+15 0.13 - - 0.32 - - 16~a+15

6093 0.18 14.93 9.7 0.95 25 -8. 16 6093
6101 0.26 13.8 6 1.03 19 -5.7: 6101
6121 0.36 11.45 2.0 1.42 15 -6.57 6121
6139 0.65 15.0 10 0.74 16 -7.9 6139
6144 0.22 14.4 8 0.97 22 -6.0 6144
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TABLE F (CONTINUED) /126

uster V B-V U-B V-1 Sp [m/H] Cluster

15171 8.17 1.13 0.52 1.88 GO.0 -0.80 6171
5205 5.06 0.69 0.06 1.12 F5.4 -1.53 6205
3218 6.88 0.86 0.20 1.46 F5.7 -1.52 6218
6229 9.39 0.74 0.09 1.25 F7.3 -1.36 6229
6235 10.23 0.88 - - (F5) - 6235

5254 6.63 0.92 0.24 1.60 F6.4 -1.47 6254
6256 - - - - - 6258
I 15 - Pal 15
6266 6.53 1.14 0.52 2.10 F8.1 -0.99 6266
6273 6.83 1.00 0.35 1.73 F5.3 -1.23 6273

6284 9.03 0.97 0.36 1.72 F7.8 -1.3) 6284
6287 9.44 1.26 - 2.33 (G3) - 6287
6293 8.39 0.97 0.27 1.68 F4.1 -1.74 6293
63)4 8.38 1.32 0.82 2.25 G4.6 +0.08 6304
6316 9.00 1.3) 0.57 2.42 (F9) -0.89 6316

6325 10.73 1.69 - 2.82 (G) - 6325
6333 7.75 0.96 0.30 1.75 F2.8 -1.71 6333
6341 6.50 0.63 0.02 1.10 F2.8 -1.99 6341
6342 10.10 1.35 - 1.95 (G2) - 6342
6352 8.40 1.03 0.61 - (G2) -0.11 6352

6355 9.76 1.58 - 236 (G4) - 6355
6356 8.28 1.14 0.58 1.85 G3.4 -0.21 6356

rz 2 - - - - - Tir 2
6362 8,23 0.90 0.29 (9) -1.08 6362
6366 10.09 1.60 0.99 - (G5). +0.1: 6366

r 4 - - - - - - Tr 4
' 1 - 20: .. (G5): - HP 1
6380 - - - - 6380
6388 6.64 1.16 0.62 - G2.5 -0.10 6388

-I .... Tr 1

on 2 - - - Ton 2
6397 5.90 0.76 0.15 - F4.8 -1.48 6397
6401 9.44 1.32 - 2.52 (F4) - 6401
6402 7.49 1.26 0.60 2.10 F8. 1 -1. 14 6402

:of 6 13.6: 3.4: - - Pl 6

6426 11.48 0.99 0.32 1.66 (F6) -1.57 6426
rS 5 13.5 4.0 - 5.9 (6) - Ti 5
6440 9.39 1.97 0.9? 3.23 G4.6 -0.24 6440
6441 7.24 1 25 0.79 2.16 G2.6 -0.02 6441

r- 6 - - - Tr: 6

6453 9.77 1.17 - 253 (F2) - 6453
6486 8.8 1.1: - - - - 6496

r 9 - . . - T9i 9
6517 10.29 1.81 0.99 3.04 (G2) -0.5. 6517
6522 8.75 1.20 0.64 1.95 F8.7 -0.86 6522
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TABLE F (CONTINUED)

/127
r D

Cluster E(B-V) Modo kps Id Cl

6171 0.35 13.60 5.2 1.00 15 -6.48 6i71
6205 0.02 14.00 6.3 1.22 30 -8.20 6205
6218 0.18 13.63 5.3 1.16 22 -7,29 6218
6229 0.06 16.67 21.6 0.65 28 -7.47 6229
6235 0.24 15.6 13 0.70 19 -6.1 6235

6254 0.25 13.19 4.3 1.18 19 -7.34 6254
6256 - - 625

Pol 15 - - Pol 15
6266 0.42 14.18 6.9 1.15 28 -8.91 6266
6273 0.36 14.0 6.3 1.13 25 -8.3 6273

6284 0.29 15.35 11.8 0.75 19 -7.2 6284
8287 0.52 14.5 7.9 0.71 12 -6e 6237
6293 0.35 14.86 9.4 0.90 22 -7.5 6293
6304 0.50 14.0 5.3 0.83 12 -7.1 6304
6316 0.60 15.0 10.0 0.69 14 -7.8 6316

6325 0.92 14.7 8.7 0.63 11 -6.7 6325
6333 0.39 14.40 7.6 0.97 21 -7.82 6333
6341 0.03 14.34 7.4 1.05 24 -7.93 6341
6342 0.50 16.8 23 0.47 20 -8.2 6342
6352 0.34 12.88 3.8 0.85 8 -5.50 5352

6355 0.70 14.3 7 0.70 11 -6.7 6355
6356 0.32 15.41 12.1 0.86 25 -8.9 6356

Tre 2 1.2: 0.17 - - Tie 2
6362 0.15 13.69 5.5 1.03 17 -5.91 6362
6366 0.68 12.7 3.5 0.92 8 -4.6 6366

Tr 4 1.9: - - 0.00 - - Te 6
HP 1 1.2 - - 0.46 - - HP 1

6380 0.7: - - 0.59 - - 6 30S6388 0.36 138 6 0.94 15 -8.2 6388
Tr 1 2.4: - - 0.44 - - Ter 1

!Ton 2 6.65: - - 0.53 - Ton 2
6397 0.15 11.45 2.0 1.41. 15 -6.0 6397
6401 0.74 14.1 7 0.75 11 -6.9 6401
6402 0.50 14.93 9.7 1.07 33 -8.94 6402

Pol 6 2.7: 13.3: 5: 0.86 10: -5-7 Pol 6

6426 0.30 16.2 17 0.50 16 -56 6426
'Trz 5 3.1 14: 6: 0.32: 47 -9.5: Trz 5

6440 1.14 13.7: 5.5: 0.73 9: -7.6 6440
6441 0.46 14.6 8 0.89 19 -8.8 6441

Tr 6 1.1: - - 0.07 - - Tr 6

653 0.66 15.9 15 0.54 25 -8.2 6453
6496 0.4: 13.2: 4: 0.84 9: -5.6: 64-6

Trz 9 - - - - - - T1rz 9
6517 1.00 15.2 11 0.63 14 -7.9 6517
6522 0.47 13.81 5.8 0.75 10 -6.47 6522
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TABLE F (CONTINUED)

/128

Cluster V B-V. i-B V-I Sp (m/H- Cluster

6528 9.67 1.43 0.95 2.28 G3.4 +0.06 6528
b535 10.62 0.96 0.34 - F6) -0.7:: 6535
6539 9.62 1.91 1.16 2.39 (G3) +0.1:: 6539
6541 6.91 0.76 0.14 F5.4 -1.61 6541
6544 8.30 1.46 0.68 2.50 F8.8 -0.94 6544

6553 8.13 1.63 1.06 2.89 G3.2 -0.22 6553
6558 - - - - - - 6559

lc 1276 . - - - IC1276
Trz 11 -Tr 11

6569 8.76 1.29 0.54 2.12 (GO) -0.81 6569

6584 8.87 0.79 0.17 - GO.2 -1.00 6584
6624 8.31 1.10 0.57 1.84 G2.5 -0.24 6624
6626 6.99 1.09 0.45 1.82 F8.5 -0.90 6626
6637 7.79 1.02 0.48 1.68 4.8 -0. 18 6637
6638 9.03 1.12 0.54 1.92 GO.7 -0.65 6638

6642 8.8 1.12 0.47 1.86 F9.2 -0.82 6642
6652 8.93 0.89 0.36 1.44 G1.3 -0.68 6652
6656 5.07 1.00 0.28 1.83 F4" -1.68 6fis"

Pal 8 - - - - - Pal
6681 8.18 0.72 0.14 1.31 F7.7 -1.34 66t1

6712 8.13 1.14 0.53 2.00 00.3 -0.83 6712
6715 7.61 0.84 0.24 1.44 F7.9 -1.17 6715
6717 - - - - - 6717
6723 7.26 0.74 0. 26 1.36 F9.8 -0.79 6723
6749 11.07 1.63 - - (FS) - 6749

6752 5.76 0.66 0.08 F5.6 -1.52 6752
6760 9.08 1.68 0.8: 2.80 (GO) -0.76 6760

Tri 7 - - - - - Trz 7
6779 8.21 0.87 0.21 1.48 F4.6 -1.77 6779

Pal 10 - - - - - Pal 10

1925-30 - - - - - - 1925-30
6809 6.33 0.69 0.12 1.27 P4.7 -1.55 6809

Pa 11 - - - - - Pal 11
6838 8.28 1.12 0.53 1.81 G2.1 -0.36 6838
6864 8.52 0.86 0.28 1.52 F8.2 -1.18 6864

6934 9.03 0.77 0.20 1.24 F5.9 -1.46 6934
6981 9.35 0.74 0.11 1.28 F7.5 -1.38 6981
7006 10.67 0.74 0.15 1.22 F4.9 -1.50 7006
7078 6.48 0 68 0.06 1.18 F3.2 -2.02 7078
7089 6.50 0.68 0.08 1.17 F4.0 -1.72 7089

7099 7.56 0.60 0.04 1.10 F2.8 -1.78 7099
Pa 12 - - - - - Pal 12
Pal 13 14.5 0.7: - (F6) -1.25:: Pal 13

7492 11.48 0.40 0.22 - (FS) -1.2: 7492
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TABLE F (CONTINUED) / 129

r D mv

Cluster E(B-V) Modo kps Igd ps o Cluster

6528 0,66 13.93 6.1 0.57 7: -6.24 6528
6535 0.33 14.7 8.7 0.56 9: -5.1 6535
6539 1.06 12.8 3.6 0.84 7: -&63: 6539
6541 -0.17 13.81 5.8 1.12 22 -7.4 6541
6544 0.72 12.9 3.8 0.95 10: -6.8 6544

6553 0.82 12.6 3.3 0,91 8: -7.0 5553
6558 0.4: - 0.57 - - 6558

IC 1276 0.7: 15,9: 15: 0.85 30: IC 1276
Trz 11 - - - - - Trz 11

6569 0.52 14.2: 7: 0.76 12: -7.0 6569

6584 0.08 15.4 12 0.90 28 -6.8 6584
6624 0.30 M52 11 0.77 19 -7.9 6624
6626 0.38 13.82 5.8 1.OS 19 -797. 6626
6637 0.18 13.99 6.3 0.85 13 -6.74 6637
6638 0.37 15.6 13 0.70 19 -7.7 6638

6642 0.38 15.0 10 0.65 13 -7.3 6642
6652 0.13 16.2 17 0.55 18 -7.6 6652
6656 0,38 12.19 2.7 1.38 19 -8.26 6656

Pal 8 0.6; - - 0.67 - - Pal 8
6681 0.04 15.8 13 0.89 30 -7.6 6681

6712 0.44 13.77 5.7 0.86 12 -6.95 6712
6715 0.15 15.75 14.1 0.96 38 -8.59 6715
6717 0.4: - - 0.59 - - 6717
6723 0.03 14.54 8.1 1.04 26 -7.37 6723
6749 0.92 135:. 5: 0.80 9: -5.2 6749

6752 0.04 12.99 4.0 1.31 24 -7.35 6752
6760 0.92 13.2: 4.4: 0.82 8: -6.9 6760

Tr, 7 - - - - - - TI 7
6779 0.21 14.74 8.9 0.85 18 -7.16 6779

Pal 10 0.8: - - 0.54 - - Pot 10

1925-30 0.18 - - 0.57 - - 1925-30
6809 0.08 13.3 4.6 1.28 25 -7.25 6809

Pal 11 0.24 - - 0.50 - - Pol 11
6838 0.32 12.43 3.1 0.86 6 -5.11 6983
6864 0.17 16.5 20 0.78 35 -8.5 6654

6934 0.17 15.52 12.8 0.77 22 -7.00 6934
6981 0.06 15.94 15.4 0.77 26 -. 77 6981

o006 0.08 17.67 34.2 - 0.45 28 -7.24 7006
7078 0.09 14.95 9.8 1.09 35 -8.74 7078
7089 0.06 15.25 11.2 1.11 42 -8.93 7089

7099 0.06 14.34 7.4 1.04 24 . -696 7099
Pal 12 0.07 - - 0.46 - - Pal 12
Pal 13 0.02 16.6: 21: 0.25 11: -22: Pal 13

7492 0.02 16.12 16.8 0.79 30 -4.70 7492
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APPENDIX /130

Cluster x y z RV Wt

104 + 1.6 - 2.2 - 27 - 18 6.6
288 - 0.1 0.0 - 7.3 - 47 2.0
362 + 2.8 - 4.6 - 5.5 +221 2.2

1261 + 0.1 - 7.7 - 9.9 + 46 0.8
Pal 1 -28: +33: +15: - -
Pal 2 -26: + 4: - 4: - -

1851 - 3.3 + 7.0 - 5.4 +310 2.3
1904 - 6.1 - 6.6 - 5.1 +198 2.1
2298 - 4.0 - 8.9 - 2.8 + 64 0.5
2419 -55.0 - 0.4 +25.9 + 1 0.7
2808 + 1.9 - 8.7 - 1.8 +101 2.4

Pal 3 -28 -48 +50 - -
3201 + 0.5 - 4.2 + 0.6 +493 3.2

Pal 4 -20 - 8 +64 - -
4147 - 1.2 - 3.9 +17.8 +188 0.6
4372 + 2.2 - 3.7 - 0.7 + 66 1.2
4590 + 4.0 - 70 + 5.9 -116 0.4
4833 + 2.8 - 4.2 - 0.7 +204 1.2
5024 + 2.6 - 1.4 +16.4 -112 0.9
5053 + 2.3 - 1.0 +12.9 -
5139 + 3.0 - 3.7 + 1.3 +230 2.1
5272 + 1.3 + 1.2 + 8.7 -154 5.5
5286 + 6.0 - 6.7 + 1.7 + 45 1.7
5466 + 3.0 + 2.7 +13.7 - -
5534 +11.9 - 3.8 +14.5 - 63 0.4
5694 +24 -13 +16 -187 0.4

SC 4499 + 5: -6: - 3: - -
5824 +17.7 - 9.2 + 8.1 - 58 0.4

Pal 5 +10.5 + 0.2 +10.8 - -
5897 + 9.0 - 2.8 + 5.5 - -
5904 + 4.6 + 0.3 + 4.9 + 50 4.2
5927 + 5.3 - 3.5 + 0.5 - 88 0.6
5946 + 6.9 - 4.4 + 0.6 - -
5986 + 7.7 - 3.3 - 2.0 + 2 0.4

1608+15 +50± +30± +50± - -
6093 + 9.0 - 1.2 + 3.2 + 19 0.9
6101 + 4: - 4: - 2 - -
6121 + 1.9 - 0.3 + 0.6 + 65 2.4
6139 + 9.1 - 2.9 + 1.2 + 20 0.8
6144 + 7.1 - 1.0 + 2.0 - -
6,171 + 4.8 + 0.3 + 2.1 -147 0.4
6205 + 2.5 + 4.1 + 4.1 -240 3.9
6218 + 4.6 + .3 + 2.4 - 16 1.1
6229 + 5.2 +15.8 +13.9 -152 0.8
6235 +13 - 0.2 + 3 - -
6254 + 3.8 + 1.0 + 1.7 + 69 1.8
6266 + 6.8 - 0.8 + 0.9 - 77 Lt.
6273 + 6.3 - 0.3 + 1.0 +114 0.9
6284 +11.6 - 0.3 + 2.0 + 22 0.4
6287 + 7.6 0.0 +1.5 - -
6293 + 9.3 - 0.4 + 1.3 - 73 4
6304 + 6.3 - 0.5 + 0.6 - 98 0.5
6316 + 9.8 - 0.5 + 1.0 - -
6325 + 8.7 + 0.1 + 1.2 - -
6333 + 7.4 + 0.7 + 1.4 +224 0.6
6341 +2.2 + 5.6 + 4.2 +118 3.3
6342 +22 + 2 + 4 - -
6352 + 3.5 - 1.2 - 0.5 - -
6355 + 7 - 0.1 + I - -
6356 +118 + 1.4 + 2.1 + 32 0.6
'632 + 4.3 - 2.9 - 1.6 18 2.4

366 + 3. 1 + 1.0 + 1.0 - -
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APPENDIX (CONTINUED)

/131

Cluster x y z FrV Wt

6388 + 5.5 - 1.4 - 0.7 + 81 2.4
6397 + 1.8 - 0.7 - 0.4 + 11 4.0
6401 + 6.4 + 0.4 + 0.4 - -
8402 + 8.7 + 3.4 + 2.5 -116 1.0

Pal 6 + 5: + 0.2: + 0.1: - -
6426 +14.6 + 7.8 + 4.8 - -

Trz 5 + 6: + 01: + 0.0: -
6440 + 5,4 + 0.7 + 0.3 -118 0.7
6441 + 8.3 - 0.9 - 0.7 - 70 0.4

6453 +15 - I - I - -
6496 + 4: - 1: - 1: - -

6517 +10 + 4 + I - -
6522 + 5.8 + 0.1 - 0.4 - 24 0.1

6528 + 6.1 + 0.1 - 0.4 +114 0.3
6535 + 7.6 + 3,9 + 1.6 - -
6539 + 3.4 + 1.3 + 0.4 - -
6541 + 5.6 - .0 - 1.1 -148 1.8
6544 + 3.8 + 0.4 - 0.1 - 12 0.4
6553 + 3.3 + 0.3 -'0.2 - 27 0.3

IC 1276 +14 + 6 + 1.5 - -

6569 + 7: 0: - 1: - -
6584 +11.2 - 3.6 - 3.5 +160 0.4
6624 +11 + 0.5 + 1.6 + 69 0.4
6626 + 5.7 + 0.8 - 0.6 0 0.7
6637 + 6.2 + 0.2 - 1.1 + 74 1.0
6638 +13.0 + 1.8 - 1.7 - 14 0.5

6642 +10: + 2: - 1: - 84 0,2
6652 +16.8 + 0.4 - 3.4 -124 0.4
6656 + 2.7 + 0.5 - 0.4 -144 3,3

Pal 8 +15± + 4± - 2-
6681 +12.9 + 0.6 - 2.9 +198 0.4
6712 + 5.1 + 2.4 - 0.4 -124 0.7
6715 +13.6 + 1.3 - 3.4 +122 1.8
6717 +10: + 2: - 2: - -
6723 + 7.7 0.0 - 2.4 - 3 0.4
6749 + 4: + 3: - 0.2: - -
6752 + 3.3 - 1.4 - 1.7 - 39 4.0
6760 + 3.5 + 2.5 - 0.3 - -
6779 + 4.0 + 7.8 + 1.3 -145 1.9

Pal 10 +10± +13± + 1± - -

6809 + 4.2 + 0.7 - 1.8 +169 2.1
Pal 11 +13: + 8: - 4: - -

6838 + .1.7 + 2.5 - 0.2 - 80 4
6864 +17 + 6 - 9 -198 2.0
6934 + 7.4 + 9.5 - 4.1 -360 0.6
6981 +10.6 + 7.5 - 8.3 -255 0.5
7006 +14.2 +28.9 -11.3 -362 0,7
7078 + 3.7 + 7.9 - 4.5 -109 2.8
7089 + 5.4 + 7.3 - 6.6 - 5 3.9
7099 + 4.5 + 2.3 - 504 -175 1.8

Pal 12 +12: + 7: -15: - -

Pal 13 + 0.8 +15.6 -14.4 - -
7492 + 4.5 + 6.0 -15.0 - -
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SUPPLEMENTARY INFORMATION ON GLOBULAR CLUSTER IC 4499 /136

After the book was ready for publication, the work of

C. R. Fourcade.and J. R. Laborde; the Globular Cluster IC 4499,

Cordoba Astronomical Observatory Preprint, October 1973, was

received. Globular cluster IC 4499 is of particular interest,

because it may possibly have the greatest number of variable

stars of the RR Lyrae type. Unfortunately, all of the cluster

characteristics> are very unreliable. Many of these characteristics

can now be given with greater accuracy. All of the new data

are given below. The weights are given in parentheses.

Table 3. AV 2.8(1); S= 4.3(1); (B-V) 0 ,o=0.78 (1); 1D.17, 71 (1)

Table 4. K-0.50 (I)

Table 8. 14R =0.80 (1)

Table 9. mRR 18.11 (0.4)

Table 10. v5 -14.43; V25-15.10; n5. 16.24; B25-16.58
Table 11. IR=0.30 (3.2)
Table C. E(B-V)= 0.27 (3)
STable D. Sp=.(F6) (1); [m/I11]--1.36 (5)

Table E. MlodV -. 16.22(1.23)

Table F. MocVq-15.41; r-.12.1; lgD--1.43; AV-5.5

i Appendix. x-6.9; y--9.0; z_- 4 . 2
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